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PREFACE. 

This book iH the outcome of a request made to me by Mr. James 
Mollison, c.s.i., when Inspector General of Agriculture in India, that 
I should prepare a handbook on the crop diseases of India caused by 
fungi. At the time the field was almost unexplored, and it will still be 
long before it can be fully covered. British India is a large country, and 
there are few areas under a single Government in any part of the world 
that contain a greater variety of crops, or where individual crops are 
found growing under a greater variety of climatic and soil conditions 
It is not in a few years, nor even in a lifetime, that the diseases of each 
oi these crops in every locality can be examined. 

But the book has been much delayed, and the fact that there are still 
large gaps in our knowledge is no longer a sufficient reason for deferring 
publication. Nearly 200 diseases ol Indian crops are included, of which 
the great majority have been practically studied in the laboratory and 
in the field. In the temperate north-west most of the disea’ses found 
are already known in Europe or the United States ; in the tropical south 
only a few The former are easy to identify, and the experience of more 
advanced countries can be applied to their control, often with but slight 
modifications The latter are more difficult, since few tropical countries 
have as yet progressed far in the study of plant diseases. Apart from 
this, India is sufficiently isolated to have developed many indigenous 
diseases, and in their study no outside assistance is available : under 
sugarcane, for instance, it will be noticed that nearly half the diseases 
described are unknown elsewhere. 

Mr. Mollison ’s intention was that the book should be primarily for 
the use of the trained staff of the Agricultural Departments in India. 
Long experience had convinced him that the damage to crops by pests 
of various kinds was so great that one of the most promising fields of 
agricultural activity in India was the study of methods of reducing it. 
That he was right has been abundantly proved by subsequent experience 
with such cases as sugarcane diseases and the cereal smuts. The smuts 
oi jowar alone are calculated to cause an annual Iosb of over a million 
sterling in the Bombay Presidency, and praotioally the whole of this 
is preventable. 
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A second class for whom an account of Indian crop diseases will 
be useful is the considerable body of planters, many of whom, though 
primarily- concerned with special crops such as indigo, sugarcane, tea, 
coffee, and rubber, are also interested in general farming. To these 
may be added a small but increasing number of Indian landowners who 
are commencing to develop their estates by more scientific methods of 
agriculture. In the Colleges which were founded under the policy of 
agricultural development initiated by Lord Curzon, the number of boys 
who are studying agriculture with a view to return to the land iB increas- 
ing, and for these some knowledge of plant diseases beyond what they 
get at college is necessary. But the practical man is not concerned with 
the more technical aspects of the subject, and the latter have therefore 
been usually given in small type in the following pages. 

Further, the study of natural science in all its branches is, aftei a 
long period of neglect, beginning to take its proper place in the Univer- 
sities and University Colleges in India. The materials and information 
dealing with the structure and life of the lower plants have hitherto 
perforce been drawn from European sources, and it is well that there 
should be available some account of the commoner fungi actually found 
in India. 

Outside India also it is hoped that a work dealing with plant patho- 
logy may serve at least to call attention to the enormous preventable 
waste of resources caused by vegetable parasites, especially in the 
tropics. The study of plant diseases has been much neglected bv us as 
a nation in the past — the recent disastrous shortage of potatoes in the 
British Isles proves how serious may be the result of such neglect — but 
there are signs of an awakening, and it is certain that we cannot afford, 
in these times of stress, to lag behind most other countries of the civilized 
world in this matter. 

The present volume deals with field and plantation crops only. 
Fruit and forest trees are omitted, and few T garden crops are referred to. 
Their inclusion would have made the volume unwieldy, and would have 
been difficult on account of the absence of information regarding the 
diseases of several of our most important trees. The study of these is 
being taken up as opportunity permits, and it will doubtless be found 
necessary at some future time to deal with them in a second volume. 

} 


PUSA, 

M.arch, 1918 . 


E. J. BUTLER. 
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CHAPTER I. 


THE NATURE OF FUNGI. 

In our ordinary speech, the term “ plant ” conveys at once the idea 
•of the trees, shrubs, and herbs that form the green covering of the earth. 
The idea is readily extended to the seaweeds and slime-weeds found in 
water. A step further will take us to the larger fungi — the mushrooms 
and toadstools— clearly to be included amongst the vagaries of plant 
life ; and a step but little more difficult to the white or ooloured mould 
fungi which appear on decaying fruit or jam, on old wood in damp 
localities, or on boots or other leather articles in the hot, moist weather 
of the rainy season in India. 

But beyond these limits there is still a vast mass of forms of plant 
life, often unrecognised as suoh. These include the bulk of the parasites 
that cause damage to crops, and so they have an importance as plants 
altogether out of proportion to their size. In almost any field of grain 
in India, the blights known as rust and smut can be found. In the one 
there are small masses of rusty powder on the green parts of the cereal, 
in the other a sooty matter filling the grain. These are genuine plant 
structures, but they are not a part of the cereal on which they are found. 
The little yellow or black masses consist of multitudes of tiny, seed-like 
bodies (known as “ spores,'’ for they are not quite the same as the seeds 
of higher plants), belonging to a fungus, the rest of whose body is buried 
within the tissues of the cereal and only to be seen by special methods 
of examination. The dust-like spores each can germinate and form a 
little shoot, which grows, puts out branches, again produces spores, and 
-dies. Though invisible without the aid of the microscope, the whole 
process is much the same as in other, more familiar, plants, and each 
seed-like spore is jhst as capable of giving a new fungus plant as any one 
•of our field or garden plants is of growing from its proper seed. 

Accepting then this faot that fungi are plants, we must next see 
what are the limits of the group. What plants are to be considered 
as fungi ? It is impossible to give a simple and complete answer to /this 
-question. As we approaoh the lower confines of the vegetable kingdom, 
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the boundaries of the different groups become less distinct ; it is not 
always easy to separate the fungi from the other main groups of lower 
plants, suoh as the algse, the bacteria, and the Myxomyoetes or slime' 
fungi. 

The algea (seaweeds and their allies) are distinguished from the 
fungi by one mark of great importance. Like the flowering plants, they 
obtain their carbon food from the carbon-dioxide of the air, by means 
of a green matter known as chlorophyll, through the energy of sunlight. 
Chlorophyll is entirely absent from fungi. The effect of this on their 
nutrition is considerable. The flowering plants, the ferns, mosses, algsB, 
in fact all the green plants, build up their food out of inorganic salts 
dissolved in water from the soil, together with the constituents of the 
air. The fungi are unable to do this, but require as an essential part of 
their food organic matter, or food already prepared by being built up 
into the bodies of plants or animals. In most cases they live by feeding 
on the bodies of plants and animals, either alive or dead, or on such 
substances as once formed part of these, such as jam or leather. There 
are other broad distinctions between fungi and algee, but none that can 
be relied on to the same extent as the above. For instance, most fungi 
live on land, most algae in water ; but intermediate formb are^found, 
as in the Phycomyoetes or alga-like fungi, many of which live in water, 
whereas several algae live on trees or in moist soil on land. So also the 
structure of the higher members of the two groups is very different, 
but many Phycomyoetes might pass for algae except for their lack of 
chlorophyll. 

The bacteria and Myxomyoetes are still often included under the 
fungi, and this fact alone shows how difficult it is to And a satisfactory 
distinguishing mark between these groups. Like the fungi, they are 
without ohlorophyll and are dependent on other plants or animals for 
their organio food. 

The bacteria are, however, as is well known, extremely minute 
bodies, usually consisting of a single cell or of a collection of more or less 
independent units. Sometimes these units are arranged in branching 
threads, which are hard to distinguish from some of the fungi proper. 
The fungus thread is, however, normally a pait of the one individual, 
whereas a bacterial thread consists of a chain of individuals more or 
loss loosely joined together. The branching also is different, the fungus 
having true branches, while in a bacterial column the spurious appearance 
of branching is due to imperfect separation of broken parts of the chain,. 
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which continues to give off new individuals above and below the break. 
The moat important distinctions between the two groups are in the 
methods of growth and reproduction. Fungi usually grow only at the 
ends of the threads whioh compose their bodies, and multiply by forming 
spores at the ends of, or within, speoial threads. Bacteria, on the other 
hand, have not got this purely end growth, and usually multiply by eaoh 
cell simply dividing into two oells, whioh frequently separate from eaoh 
other and become independent. There are other minor differences 
suoh as the presence of true nuclei in fungus oells and their absence in 
bacteria, the nature of the oell wall, and so on. 

The Myxomycetes or slime-fungi approach the fungi on the one 
hand and the lower members of the animal kingdom on the other. They 
have been for many years often claimed alike by botanists and zoologists. 
They have a power of spontaneous movement ; from the spore issues a 
small lump of naked protoplasm whioh orawls about until it meets 
with other similar bodies, all then uniting to form a mass of protoplasm, 
sometimes yards in extent, which is also capable of slow motion. Even- 
tually it becomes stationary and forms spores resembling fungus spores. 
The -structural differences and peculiar life of the Myxomyoetes are 
sufficient to place them in a distinct group, though they are perhaps 
related to the fungi. A few are plant parasitesbut only one of these has 
as yet been found in India. 

Another group of plants which may sometimes be mistaken for fungi 
is the lichens. These are familiar to everyone, encrusting the surface 
of rooks and the bark of trees. Eaoh really consists of a combination 
of an alga and a fungus, living together in mutual co-operation, eaoh 
assisting the other in the all-important matter of obtaining food. The 
green alga is able to supply organic food manufactured by the aid of its 
chlorophyll from the air. The fungus protects the alga with a coating 
of strong threads, and supplies mineral food from the substratum. That 
the association is benefited by this partnership is shown by the enormous 
number of these plants, and the great variety of situations in which they 
are to be found. They are often injurious to trees and shrubs by forming 
a crust on the bark or leaves, but are not usually true parasites as they 
•do not feed on the living substance of their host. 

The structure of fungi 

Excluding the above groups* the ohief structural characters oi fungi 
may next be- considered. All known fungi, with very few exceptions. 
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originate from spores, bodies comparable with, though not strictly similar 

to, seeds. These spores germinate, 
requiring for the purpose very much 
the same conditions as ordinary seedB, 
such as moisture, suitable tempera- 
ture, and so on. The result of germi- 
nation is usually the protrusion of 
one or more fine filaments, known as 
“ germ-tubes, ” from the spore. These 
grow in length at the tip but not 
much in breadth. Branches are given 
off in all directions and the resulting 
branched mass of threads, known &b 
the " mycelium,” forms the “ vege- 
tative ” part of the fungus plant or 
.that part which is conoemed with 
growth and the absorption of food 
or its manufacture into living sub- 
btanoe, as distinguished from the 
“ reproductive ” part, oonoemed with 
the propagation of the species. Each 
individual thread of the mycelium is 
called a “ hypha.” In a limited 
number of oases, the body is reduced 
to a single cell, usually round or oval in 
shape : in the most primitive group of fungi, the Chytridiaoeee, this type 
iB common. 



Structure of the mycelium. — At an early period in its growth, 
the germ-tube and the hyphse which arise from it usually become seg- 
mented into a row of cells, by the formation of transverse walls (septa) 
across the filament. Each oell is a hollow structure, bounded by walls 
of a pliable, transparent substance, which is in some oases composed of the 
chemical compound cellulose, best known as forming the bulk of such 
vegetable fibres as cotton or flax. In most oases, however, the wall 
largely consists of a substance closely resembling ohitin, the material 
which forms the hard covering of insects, 

Within the walk, the cell is filled with a watery jelly, the protoplasm, 
a material found in all living bodies and which is, in*faot, the actual living, 
matter itself. The protoplasm does not fill the oell all through with a 
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un iform maps. Here and there little hollows or sp&oes, called “ vacuoles, ,r 
occur, containing water with dissolved substances, the whole forming 
the cell sap. Here and there also condensations of a peculiar form of 
protoplasm form what are known as “ nuclei.” In segmented filaments, 
each cell usually oontains one nuoleus only. In oertaiu oases, such as 
some Stages in the Asoomyoetes, smuts, rusts, arid' Basidiomyoctes 
proper, two nuclei occur habitually in eaoh cell, and in others three or more 




Fio. 2 Mycelium fi cm germinated spore of 
Helminihotporium 8aachari. 

have been found. In the lower fungi, the mycelium is ordinarily un~ 
segmented, no transverse septa being formed. In suah oases, the nuclei 
are distributed irregularly in the protoplasm and there is no hint 
at separate cell formation. The precise functions of the nucleus are 
not fully known, but it is certain that it is the bearer of the 
hereditary characters of the oell, and also that it plays an important 
part in regulating the nutritive changes that occur in cells. 

The essential part in the fungus plant, as in other plants, is the 
protoplasm with its contained nuolei. The cell wall is not essential since 
it is absent in the swimming spores of lower fungi and in the vegetative 
body of some Chytridiaoess. So also, vacuoles are not found in most 
young growing cells. Numerous other substances occur in funjnte cells, 
none of which are essential. Thus, crystals of calcium oxalate have 
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been found in a few species, and crystalline albuminous bodies are 
frequently present in the. moulds (Mucors). Sugar in solution is 



Flo. S. IfjooUum of Mucor Prainii, showing port of four plants. 


common ; so also is a carbohydrate, glycogen, which largely takes the 
place of the starch so universal as a food reserve ift the higher plants. 
Pats and oils are abundant in many oelh ; pigments also, as one would 
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expect when recalling the bright colours of many fungi. Resin is found 
in the cells of some mushrooms. In many fungi, the cell wall iB variously 
modified after formation, the most 
common change being a gelatinous 
or gummy degeneration. Infiltration 
of the membrane with pigments 
ooouxs frequently, and with resin and 
other substances less often. 

The body of the simpler fungi 
usually consists of branching hvphse 

, T , , Flo. 4. Fungus oells : 1, Gnlaetinla 

only. In many oases, unions termed , tucoota ; roulttmioieat® o»!l below 

“ anastomoses ” ocour between neigh- oleate^ipore* S^ermicuiJria^ip. 

bouring hyphee, whioh either fuse 

together where they ccme into con- ,Mn *- ^ a * ker MaIre ‘l 
tact, or one puts out a short branch whose tip reaches the other and 
unites with it (Fig. 5, 1 — 3). In these cases, the cell wall disappears 
at the point of oontact and the two tubes open 
into one another. Such unions are common 
between the germ-tubes of certain fungi. 
Sometimes two adjacent cells of a hypha unite 
by a connection around the dividing septum. 
A little branch grows out just on one side of 
the septum and ourves round until its tip 
reaches the oell on the other side. Union 
then takes place and an open passage is formed 
around the septum. At a later stage this side 
4- passage is often again closed by a new septum. 

These “ clamp-connections,” as they arc termed, 
are frequently found in the group of higher 

Fio. 6 Ana atom otea in fungi (Basidiomycetes) to which the mushrooms 

jjuXCo- and their alUes bel0 *g ( Fi «‘ 5 > 4 )' Excl ^g 

tubea) T^fLnriSn tbe formation of spores or reproductive .organs, 
^^oonMotiom * in simple mycelium of branching hyphee, with 
RhUootonia. or without anastomoses, forms the whole body 

of a considerable number of fungi. 

The majority of fungi have, however, at least a part of their body, 
often that part on which the spore-bearing hyphee are situated* of more 
-complex structure than this. The individual hyphee unite W for m 
bundles or masses, frequently of characteristic shape. At the same 
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time, instead of each oell which is formed during the growth of the hypha 
retaining the thread-like shape, round or angular oells are commonly 
produced. The large masses of fungus tissue familiar to everybody 
as mushrooms oonsurt of immense numbers of hyphe intertwined in all 
directions. In some oases, the intertwining is loose and the individual 
threads o&n be made out if the mass is separated out by needles in water* 
In others, hard masses are formed by the fusion of adjoining oell walls, 
and, as the qells are in these oases frequently rounded or angular, a thin 
seotion examined under the mioroscope Bhows a tissue of oells olosely 
united together without any trace of thread-like structure. To suoh 
a tissue the name “ pseudoparenohyma ” is often applied, as it resembles 
the oellular tissues (parenchynA) of certain parts of the higher plants. 
It is only by following the development of these oell masses that one 
can ascertain that they are formed by the union of separate hyphae. 
In some oases, air spaces are left between the hyphro, and the tissue is 
spongy in texture. In others, the whole of the mass consists of cells 
closely united without any vacant interspaces, and hard, woody or homy 
structures result. Great modifications of the oell walls often oocur in 
these tissues. Sometimes the wall is muoh thickened and very hard ; 
suoh walls are often black or coloured. Sometimes the waftl softens 
into a gelatinous substance, as in many of the fungi known as Tremellina- 
ce» ; when moist these fungi are soft and gelatinous, but become hard, 
shrunken, and homy when dry. So great is the formation of mucilage 
from the cell walls of some fungi that it drops from them to the ground. 

The simplest form of hyphal mass results from the growth of a 
number of hyphse side by side to form an elongated bundle or strand. 
In most cases, these strands are composed of hypheo which are all similar, 
and may be either loosely interwoven without actual fusion or olosely 
united by the lateral adhesion of the wall of adjoining hyphae. Such 
strands are common in the soil, particularly where there is much decaying 
organic matter, as in forests. They belong ohiefly to the mushroom 
group (Basidiomycetes). 

Somewhat more oomplex are the mycelial strands of several fungi 
allied to the puff-balls. In these, the oentre consists of brown, rather 
gelatinous, thick hyphee, while on the outside is a layer of thin, white, 
spirally woven threads, from which short branches project from the 
surface. Still more highly differentiated strands are found in other 
Basidiomycetes. 

Such specialised strands are known as “ rhizomorphs ” and they may 
reach a considerable degree of complexity of structure in some oases* 
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In the “ horse-hair ” fungi, found in jungles and tea gardens, smooth, 
shining, hair-like, blaok cords run over the aenal parts of the plants 
on which they grow The component hyph© run parallel and adhere to 
each other, the outer ones being blaolosh brown and the inner hyaline 
In the injurious parasite of the deodar in the Himalaya Fames annosus , 
tough rhizomorphs somewhat 
resembling the 'finer roots of the 
tree, but much blacker, are found 
passmg from root to root or 
extending into the soil They are 
branched cylindrical or flattened 
cords, of uneven diameter not 
dimuuBhing regularly as roots do 
and consist of an outer black, 
rather brittle mid and an inner 
very tough and flexible pith 
The rind is composed of brown 
hard rather thick walled cells 
muted into a pseudoparenchyma 
in which the original filamentous 
character of the constituent hyphse 
is in great part lost In the pith, 
on the other hand the hyph© 
persist as fine silky, colourless 
filaments which can be teased out 
in water into a bundle of threads 
In the common .buropean paiasite butta To right, rhliomorph of Ponut 
of tree roots, Agancu* mellem annotw> 

(not vet recorded m India) the rhizomorphs are stiir more complex, as 
the pith s oomposed of large elongated cells with thinmsh walls united 
laterally so that the individual threads cannot be separated out 

All these myoehal strands are oapable of growth at the tip, sometimes 
extending for yards and branching and anastomosing freely Their 
use is readily understood Single hyph© are delicate and easily injured, 
as by mseots The rhizomorphs are usually tough and hard to damage 
By their vigorous growth they permit of extensive spread They are 
also, owing to their structure, able to withstand drying or other 
adverse conditions muoh better than single hyph© , and their vitality 
is such that old, dried rhizomorphs, if brought into a moist atmosphere, 
can recommence growth and put out new branches even after some yeais. 
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Instead of uniting to form long, cylindrical, root-like strands, the 
hyph© of some fungi join into large, solid, more or less rounded and 
sharply defined masses, known as “ Bclerotia.” These masses are very 
long-lived and resistant to adverse conditions ; their cells become filled 
with stores of reserve food ; they usually separate off from the myoelium 
and become isolated and free ; and they can resume growth when condi- 
tions become favourable, giving either a new myoelium or in many cases 
producing the reproductive stage of the fungus. 


In some solerotia, a hard outer part (rind or cortex) may 'be 

distinguished from a softer 
central pith (Fig. 7, 3 ). The 
rind is formed of one or 
more layers of rounded or 
angular cells, with thick and 
often coloured walls and 
small cavities. The pith 
may also be of pseudo- 
parenohymatous structure, 
or the filamentoul? character 
of the hyphse may be pre- 
served. In either case the 
wall is usually less thickened 
than in the cortex and js 
often colourless, while the 
cell cavities are larger and 
are rich in reserve food 
sdbstances. In other sclero- 
tia the structure is fairly 
uniform throughout . Some- 
times hyphffl grow out from 
the surface of the rind and 
give a hairy or woolly appearance to the sclerotium ; in the older 
stages these external hyphse usually wear off. In the development 
of the solerotia, two types may be distinguished. In the one, the 
whole body is the product of . a single hypba. This becomes seg- 
mented into short cells and gives out lateral branches, which segment 
in their turn. The branches grow parallel with, and adhere to the sides 
of the parent hypha and by the constant repetition of this process a mass 
-of solid fungus tissue results. As the segments of each branch toe very 



Wio. 7 Sclerotia : 1 and f, SeUrotium atipita- 
turn from white-ants nett, x J; J, lthJeooto- 
nia on jute stem above, x 3 ; and same from 
oowpea in section below, x 330. 
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short* the distinction between individual threads is soon lost, and the 
tissue takes on the structure of pseudo parenoh y ma . In the other type, . 
a number of distinot hyphse take part in the formation of the solerotium, 
all branohing freely and giving off a mass of intertwined filaments whioh, 
by repeated segmentation and lateral fusion, may lose all traoe of their 
filamentous structure, though the latter is sometimes preserved, especially 
in the central part of the sclerotium. 

Some remarkable instances of solerotium-formation occur in India. 
One is common in the nests of white-ants, a rounded or pear-shaped, 
blaokish body of extremely hard texture, often a couple of inches across 
(Fig. 7, 1 — 2). It is known as Sclerotium stipitatum (Tamil : " Puttu- 
manga ”) and belongs to a fungus which appears on the surface of the 
nests ( Xylaria nigripes Kl.). It is commonly believed to have valuable 
medicinal properties. In the Nilgiris another underground form occurs, 
Mylitta Uvpidescens, known locally as “ little man’s bread ” in allusion 
to a tradition that the Nilgiris were once peopled by a race of dwarfs. 
A similar, but much larger, Mylitta occurs in Australia, reaching sometimes 
to the size of a football. It is known as “ black fellow’s bread ” and, like 
the Nilgiri species, is eaten by the indigenous tribes. The Australian 
Mylitta, under favourable conditions, resumes growth and iorms the fruit 
body of a large fungus, Polyporus Mylittce, but the further development 
of the Indian species has not been seen. Another curious form iB the 
“ tiger’s milk ” of the hill tracts of Assam and Malaya. This is a large 
structure of quite extraordinary hardness, whioh gives rise to the fruit 
body of Polystictus sacer (Fig. 12, 1). Other sclerotia, usually of small 
size, are formed by various parasitio fungi. These may ooour within the 
plants attacked, but are more often on the surface. They may be an 
important means of disseminating the parasite, as they frequently become 
separated and oast loose in the soil, or can be carried with fragments of 
disintegrated plant debris, or alone, through the air. In some oases 
they are the only known means by whioh the species is propagated, 
as in Sderotvum Oryzce (p. 230), some Rhizoctonias (p. 262), and the 
solerotial disease of sugarcane (p. 408). 

Besides these resting or durable bodies of oqpsiderable size, formed 
generally by the union of many hyphee, a number of fungi form resting 
cells, singly or in small groups. These are found even in the simple 
filamentous' fungi. Portions of a hypha become divided into rounded 
or angular ceHs, with a much thiokened and usually coloured Frail. In 
these, reserve food is accumulated. Such resting cells may be separated 
from the hyph® on whioh they are borne, and after a period of zest, 
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or if placed in favourable conditions of moisture and the like, can put 
out fresh hyphffl, behaving just like a spore. To suoh vegetative organs 
of propagation the name “ chlamydoepore ” is often applied. Scarcely 
to be separated from the ohlamydospores are, 
the cells usually termed “ gemmae,” which 
differ only in that they are not thick-walled, 
durable cells and that they frequently continue 
to bud out similar cells to themselves instead of 
giving new hyphee. These ohlamydospores and 
gemmae are found even amongst the Fhyoo- 
myoetes or lower fungi, in which, as already 
mentioned, the hyphae are ordinarily unseg- 
mented. Under oertain conditions of nutrition 
the myoelium may be almost wholly transformed 
into masses of rounded cells. Indeed the 
familiar group of fungi known as yeasts 
(Sacoharomyoetes) may be considered as an 
extreme case of the reduction of the mycelium 
to minute gemmae, endowed with a remarkable faculty for budding out 
similar oells, so as to form colonies which readily break up into their 



Fig. 8 Chlamydospores : 
1, Futcn ium ndum, x 
390 ; 2, Phytophthora 
Coloeatia , X 160; 3, 
SeUn'otium Oryza, x 
230. 



Fio. 9 . Gemmate mycelium of Muoor Prainii. 
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individual units. In a number of oases the formation of gemme is 
associated with fermentative activity, and gemmate fungi— yeastB, Muoors 
and the like— are largely used in brewing. 

Another form of specialised mycelial development remains to be 
considered. In many fungi, after a period of vegetative growth in the 



Fig 10 Stroma of S«ptogl<Bum Moti. 

filamentous condition, the mycelium condenses here and there into 
pseudoparenohymatous masses. These are found generally on or just 
below the surface of the substratum in which the fungus is growing, 
and differ from solerotia only in having usually a less regular shape 
and a margin lesB sharply delimited from the rest of the mycelium, 
the connection with the hyphee below being maintained. They often, 
indeed, only form flattened crusts covering the deeper hyphffi from which 
they are produced, though in other oases they are thiak and hardly, 
if at all, to be separated from solerotia. These masses are called 
“ stromata .' 1 In very many instances, they form a transitional stage 
between the purely vegetative and the reproductive parts of the fungus 
body, the spore-bearing organs being developed on their surface or 
immersed in them, and the term “ stroma " is often restricted to such 
oases. It is difficult, however, to accept this restriction, as it is mot 
uncommon to find stromatio crusts or masses in no way associated 
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.with the formation of spores and even in fongi not known to produce 
spores, as some speoies of Rhizoctonia. 

The parts of the fungus plant so far considered are chiefly concerned, 
with nutrition. The more specialised rhizomorphs, solerotia, res ting 
and budding cells, take part also in propagating the speoies, but this 
is “ vegetative ” propagation, on a par with propagation by cuttings, 
buds, suckers, and the like amongst higher plants. The reproductive 
system proper is usually quite distinct and well defined. 

Sporophores.— A s the vegetative system is usually bur ed in the 
substance on which the fungus feeds — in the soil, in rotting organio matter, 
or in liviflg plants — and as it is necessary that the spores should be formed 
in free access to the air so as to secure their dissemination, it is evident 
that some special arrangement must be made to bring the spore-forming 
parts where they will be exposed to the elements. This is done usually 
by the development of structures known as “ sporophores,” raised 
vertically above the level of the general mycelium. The sporophore 
may oonBist either of a single hypha (simple sporophore) or of bundles 
or complex masses of hyph® (oompound sporophore), and it bears on 
some part, Usually towards the top, the spores of the fungus* The liyphte 
of which it is composed ordinarily differ from those of the vegetative 
mycelium in one or more characters, such as their vertical position, 
limited growth, or special structure (nature of cell wall, shape of the 
cells, characteristic mode of branching and the like), and as they may be 
arranged in systems of great complexity, an almost endless series of 
different types of sporophore exists. 

The simplest forms are found commonly in many of the lower fungi 
and in those moulds that are familiar on damp or rotting organic sub- 
stances, and that belong to several different families of the fungi. In 
some of these, particularly such as have a considerable development of 
aerial mycelium in addition to the hyphro buried in the substratum, and 
some of those that grow in water or in soil, special sporophores are almost 
or quite dispensed with, as being unnecessary to secure free dissemina- 
tion. The spores are formed at the tip of, or laterally on, ordinary 
hypha or, in the aquatic speoies, in special cells on the hypha, and are 
liberated in the air, the water, or the soil as the oasei may be (Fig. II, 
1 — 2 ). More often, however, specialised sporophores are formed, and 
in the niwn plflgfe oases these Are single hypha, often of distinct shape 
and size, which grow out into the air and bear the spores on the tips or 
sides or on lateral branches (Fig. 11, 3 ). 
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Sporophores aggregated into crusts or layers are produoed in many 
fungi Sometimes these are formed on the surface of the substratum 
in which the vegetative mycelium grows, sometimes, especially in para- 
sitio and other fungi that grow on the stems and leaves of plants, just 
below the surface, which is eventually ruptured so as to expose the spore- 
bed (Fig. 11, 6 ). In either case, the layer of sporophores may arise 
directly from the mycelium below or there may first be formed a stromatio 



Fig. 12. Sporophores* 1, Polyetxetue eaoer showing both 
surfaces of expanded cap. and stalk arising from a 
sclerotium, x J ; f, Schizophyllum commune, x }. 

tissue composed wholly or in part of pseudoparenohyma. Common 
examples of spore-beds formed below the surface of the plant are .the 
“ son ” of the oereal and other rusts, and the “ aoervuli ” of the anthrao- 
noses. When formed on the surface, there may be a very large mass of stro- 
matic tissue intervening between the vegetative mycelium and the layer 
of sporophores. Such compound sporophores in the form of superficial 
stromatio crusts or tubercles may be found commonly on pieces of old 
wood, dead branches of trees, and the like, in damp situations. Sometimes 
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the edge of the crust becomes free and curves over to form a sort of braoket. 
This is the first stage in a process which has as its purpose the lifting of 
the spore-bearing part of the sporophore above the object on which it is 
growing. In more advanced types, so much of the crust may leave the 
surface that only a narrow band or stalk remains to join it to the latter 
(Fig. 12, 2). In thiB way the braoket fungi found on trees and old wood, 
and the laterally attaohed toadstools, are formed. Finally, the whole 
spore-bearing part of the fructification may be raised from the surfaoe 
on a central stalk (Fig. 12, 1) and may be expanded into a cap at the top, 
as in the well-known mushrooms, or may remain as a simple or branohed, 
vertically, elongated body of varying shape. 

In another type of compound sporophore, the spore-bearing hyph© 
-are enclosed in roundish or cup-shaped or flask-shaped receptacles. 
To a common form of this type the name " pyonidium ” is applied 
when it bears spores on the outside of the fertile hyph® (Fig. 11, 7), 
and “ peritheoium ” when the spores are enclosed in the sac-like hyph® 
(asoi) characteristic of the group of fungi known as the Asoomycetes 
(Fig. 11, &). The round sporophores of the puff-balls also belong to this 
group and there are other examples. These receptacles may be formed 
either on the surface of the substratum or immersed in it, in the latter 
case usually opening to the surface by a narrow neck through which the 
spores are expelled when ripe. They serve the purpose of protecting 
the spores from injury during their period of development. Sometimes 
they are formed singly, sometimes in groups immersed in a common 
stroma, and, as in the last type, the stroma has in some oases become 
vertically elongated so as to raise the spore receptaoles above the level 
of the substratum. 

In most compound sporophores, spores are not produced on all parts 
-of the organ. In the mushrooms, for instance, they are formed only 
on the surface of the gills found on the under side of the expanded 
^ cap.” To the fertile part of the sporophore, i.e., that part which 
actually bears spores, the name “ hymenium ” is given. 

In, many oases, where the spore-bearing stalks are so numerous as 
to form definite layers or a hymenium, certain sterile hyph®, usually 
of characteristic form, ooour intermingled with the fertile ones. These 
ate frequently known as “ paraphyses ” and are especially common in the 
Asoomycetes and rusts (Fig. 13, 2 — 3). 

From the above account of the fungus body, it will be seen that an 
ordinary fungus consists of a vegetative part, usually formed of thread- 
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like hyph® buried ill the substratum, and of a reproductive part which 
is sometimes not distinct from the vegetative except in bearing spores, 
but is more usually modified to form a simple or oompound sporophore. 
As the production of spores provides for a new generation of the fungus, 
we may consider that the life-history of any species begins with the ger- 
mination of the spore and ends with the development of new ripe sporeB, 
or, in the case of those fungi which have more than one kind of spore, 
with the development of the final or, as it is often termed, “ perfect 
spore form. 


The reproduction of fungi. 

The reproduction of fungi, that is to say the production of anew 
generation from the old, is secured by the cutting off of specialised cells 
from the fertile hyph®, which develop into spores. When ripe, these 
spores separate from the mother plant and are capable, on germination, 
of giving rise to new individuals. In certain oases, the Bpore is formed 
after the contents of two separate cells fuse wholly or in part. This 
is termed sexual reproduction. In very many oases, however, the * pores 
are formed asexually, without any preceding fusion of two oils. 

Formation of spores. — The spores of fungi present a wonderful 
range of variation, there being hundreds of types differing in size, shape, 
structure, and mode of formation. The one fungus may have several 
different kinds of spore during the course of its complete life-history. 
In the vast majority of cases they are very definitely characterised bodies, 
differing sharply from the vegetative cells of the mycelium. According 
to their mode of development, and leaving aside for the present the 
sexually-produced forms, two main types may be distinguished. 

1. The spores are formed by the dividing up of the inner contents 
of a mother-cell into a number of cells, whioh become separated from one 
another, as a rule, while still enclosed within the mother-oel), and are 
ultimately set free by the rupture of the wall of the latter. This is oalled 
“ endogenous ” or “ free-cell ” spore formation. 

2. The spores appear as protrusions of the tip or at the side of the 
fertile hypha, and are cut off, when they reaoh maturity, by a septum 
which usually breaks through and sets them free when ripe. This is 
called “ exogenous ” spore formation. 

Endogenous formation^ The first type is common in the lower fungi 
(Fhycomyoetes), including most of those that live in water, And also in the 
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•forge group known as the Asoonqyeetes. In the former ease the spore 
mother-cell is termed a “ sporangium/’ in the latter an “ esaus.” 

In the Phycomyoetes, the sporangium is usually formed at the end 
of a hypha, which in most oases swells up into a round, oval, or cylindrical 
celL I^ess often it is formed in the course of a hypha (" interoalar ” 
formation). The contents are rich in protoplasm^ often with one or more 
vacuoles and crowded with nuolei. Round each nuoleus a portion of 



FlO. 18. Formation of iporea: 7, sporangia and soosporas of 
Pboipidium Cuculue, x 720 and 400 reap. ; £ , atci, aaoo- 
■ pores, anaparaphysos of Neocotmotpora vaninjtcla, x 280 ; 
3. aaoi and atoospores of L*pto$phctria Socchori, X 200, tho 
•ingle ipora, x 470 ; 4, suooeasive stages in formation of 
comdia of Neoeonnoepora wuin/eota, x 250; 5, spores 
of UtUlago Emb; 6, promyceUqpi and^sporldia of Melan- 
optichi mm muttro amerieanum; 7, aporidia of same; 8, 
promycelium and sporidia of Xmhnsola Uni; 9, basidia 
of Bypoeknu* SoituU showing sterigmata ; 10, basidio- 
sporea of same (two germinating) ; 11, saooesslve stages 
in formation of basldiosporei of Potyporu* hitpidtu, with 
two mature spores. 


the protoplasm collects, and spaces appear between these portions, 
finally, as many little spores are formed as there are nuclei. The mother- 
cell then opens and Idle spores are released. In the aquatic specif, the 
' spores are capable of swimming by the movements of one or more 
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oar-like threads, the “ cilia.’’ Such spores are known as “ zoospores/’ or 
animal-like spores, from the faot that they are capable of independent' 
movement. They are preserved in several allied forms which occur 
on land, as in many of the downy mildews which attack plants. To 
ensure germination in these oases, it is necessary that the sporangia 
(which when ripe easily fall off from the sporophores) should be immersed 
in water. As they are very small, the films caused by dew on the leaves, 
or small drops of rain, are quite enough for the purpose. After lying for a 
short time in water, the tip of the sporangium opens and the spores 
escape and swim off by means of their cilia (Fig. 13, 1 ).' When they 
emerge, they have no wall but consist of naked protoplasm. After a 
while they come to rest, form a cell wall around them, and germinate 
by putting out a germ-tube which, if the spore happens to be in contact 
with a suitable plant, can penetrate the leaf and cause a new patch of 
disease. In some sporangia the number of spores is very great, as many 
as 7,000 having been estimated to occur in a single sporangium of an 
aquatic fungus, Pleolpidium infiatum ; in others, only 3 or 4 may be formed. 

Another type of sporangium occurs in the common moulds known 
as Mucors, land fungi whioh grow on decaying fruit, bread, a^d the like. 
In these the spores are incapable of independent movement. When 
liberated by the disintegration of the sporangium wall, the minute spores 
are blown about as dust. It is well known how quickly food and other 
organic substances become mouldy if left exposed, especially in damp 
situations. This is due to the presence of spores of Mucors and other 
fungi in the air, from whioh they are deposited as dust and germinate in 
the presenoe of a suitable food supply. 

In the Asoomyoetes, the asci are formed singly at the ends of the fertile 
hyph®, usually many crowded together within, or on the surface of, the 
compound sporophore (Fig. 13, 2 — 3). In the great majority of oases 
each aeons contains 8 ascospores. Sometimes there are fewer, sometimes 
more, in the latter case often a higher power of 2, as 16, 32, 64, and 128, 
but sometimes an irregular number. This is brought about by successive 
divisions of the typical eight nuclei of the ascus or by suppression of one 
or more spores. Occasionally the spores originally formed become 
septate, and each segment breaks Off as an independent spore ; in other 
cases the first-formed spores give rise to others by budding. 

The spores formed in sporangia proper are all unicellular, each 
consisting of a single cell with one nucleus. In very many asci, however,, 
multicellular spores are formed. When first developed these also ana 
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unicellular, but, as they ripen, septa are formed, the nucleus first dividing, 
so that two or more cells result. In this case, each cell is often able to 
give out a germ-tube when germination takes place. 

Exogenous formation . Spores produced in the second main mode, 
by exogenous spore formation, occur as the only type in the fungi known 
as Basidiomycetes (including the rusts and most of the large fungi suoh 
as mushrooms) and are found as a secondary spore form in many Asoo- 
myoetes and some Fhyoomyoetes. In the majority of cases, they are 
formed by the cutting off of a protrusion from the top or side of the fertile 
hypha. The portion cut off is the spore, and on ripening it usually falls 
off. The spores of this type are ordinarily disseminated by the wind. 

In the simplest case, the spore is merely the (usually swollen) end of 
the fertile hypha, or of a small stalk from the end or side of the latter 
(Fig. 13, 4), The swelling is out off by a septum from the parent stalk. 
Very often, instead of a single spore being thus formed, a chain of spores 
arises from the sporophore. These chains may be developed in either of 
two ways. Most commonly, each new spore of the chain is successively 
out off from the tip of the parent hypha, so that the end spore of the chain 
is the oldest (“ basipetal ” formation). Less often, the first-formed 
spore buds out another at its tip, and this in its turn another, bo that the 
end spore here is always the youngest (“ acropetal ” formation). As 
there may be more than one bud from the tip of a spore, the chains of 
the second type are frequently branched. 

After a spore or chain of spores is formed on the end of the sporo- 
phore, the latter may continue to grow from a point just below the tip. 
The new growth usually tends to preserve the same direction as the main 
stalk, so that the spore is pushed over laterally. This prooess may be, 
repeated several times. 

Instead of the fertile hypha giving off a single spore or chain of 
sporeB, it often branches at the top, and each branch produces spores in a 
similar fashion at its end. Or, instead of brandling, the end of the fertile 
hypha may enlarge into a head which bears a number of spores or of 
chains of spores, and similar heads may also be borne laterally on the 
sporophore lower down. 

A special form of exogenous spore formation has become the charac- 
teristic type in the large group of allied fungi which constitute the family 
of the Basidiomycetes (Fig* 13, 6 — 11), In these, the top of the fertile 
hypha, or of lateral branches from it, forms a special fertile cell, upualiy 



24 


FUNGI AND DISEASE IN PLANTS 


of definite shape. From this cell a limited number (typically 4) of small* 
slender stalks grow out, each of which bears a spore at its tip. Tbs 
fertile cell is termed a “ basidium,” and it may either remain undivided 
or divide intp a limited number of oells (again usually 4) by transverse or 
vertical walls, eaoh cell giving out ordinarily a single spore-bearing stalk. 
The stalks are called “ sterigmata ” and the spores “ basidiospores ” or 
“ aporidia,” the latter name being applied to the basidiospores of the 
smuts and rusts, in which the basidium is often known by the name of the 
4t promyoelium.” The term basidium is sometimes loosely applied to 
any simple sporophore of limited growth, and shape differing from that 
of the normal hyphse, especially if formed in a fertile layer, as in pycnidia, 
and if short and unicellular ; in the same way, any short stalks arising 
from the tips of fertile hyphee and bearing spores or chains of spores, 
are* often called sterigmata. It seems better, however, to restrict the 
use of these terms to the Basidiomycetes. 

Types of spore. — According to the manner in which they are 
formed, to structure, or to other peculiarities, different names are applied 
to different types of spores. As already mentioned, the swimming 
spores of aquatic fungi and their allies are termed zoospores. * The spores 
formed within the asci of Ascomycetes are often called ascosporeB. 
These of the Basidiomycetes, basidiospores or Bporidia. 

In species where, besides a formation of spores in sporangia or asoi 
or on basidia or promyoelia, a second type of spore, produced exoge- 
nously, occurs, this second spore form is usually termed a “conidium.” 
Thus many Ascomycetes possess oonidia as well as asoospores, though 
both may not be simultaneously formed. Similarly, the Basidiomycetes 
sometimes possess conidia, usually formed on a simple myoelium, in 
addition to their basidiospores or Bporidia ; the Phycomycetes also, 
though less commonly than the other groups. In many fungi (“ Deu- 
teromycetes ” or " imperfect fungi ”) a conidial form of spore is alone 
known, though a number of these cases have been found on oloser study 
to be merely conidial stages of Ascomycetes or Basidiomycetes. Conidia 
formed in enclosed receptacles (pycnidia) are often called “ pycnoBpores ” 
or “ stylospores.” In such fungi as the rusts, where a number of spore 
forma are known in One and the same individual, speoial names may be 
applied to eaoh. Thus a perfect rust fungus may possess spermatia, 
aeidioeporee, uredospores, teieutospores, and sporidia, all differing in 
shape, structure, and mode of formation* an£ most with different 
properties or uses. 
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Ssxual reproduction. — -What k termed sexual reproduction 
in fungi is the union of two more or lees specialised cells to produoe a 
spore or a brood of spores, which, when ripe, germinate and give Origin to 
one or more new individuals. The spore form which arises as a result 
of this union is often termed the “ perfect ” stage of the fungus. Sexual 
reproduction is most regularly developed and oan be most easily observed 
in the water-inhabiting fungi and their allies (Phycomyoetes). In a 
few of the most primitive of these, two apparently similar zoospores 
unite to form a sexual spore, which germinates and gives a new plant. 
In the more advanoed forms, certain cells of the mycelium become 
•enlarged, rounded, End filled with dense protoplasm, usually containing 
many nuclei. All the last generally degenerate but one— the female 
nucleus. The whole Cell is known as an oogonium. Certain other cells 
develop from the mycelium, come into contact with the oogonial wall, 
and put out one or more outgrowths Which penetrate the oogonium and 
allow a nucleus — the male nucleus — to pass into it, usually acoomp&nied 
by a certain amount of protoplasm. These male oells are termed antheri- 
dia. The male and female nuolei fuse together to form a single nucleus, 
and this, with a great part of the protoplasm of the oogonium, becomes 
surrounded by a wall to form a single-oelled perfect spore, lying within 
the oogonium. This spore is known as an oospore. It germinates, 
usually after a period of rest, giving rise to a number of zoospores in some 
■cases, or in others to a single or several germ-tubes. 

In the moulds known as Mucors, the two cells that unite are often 
similar in shape and size, so that it is not possible to distinguish a male 
and a female cell. In some of these, fusion only takes place between 
oells arisirig from different myoelia, that is to say, from hyphee which 
have come from different spores. In others, the fusing cells may have 
originated from one and the same spore. The cell which results from 
this fusion is termed a zygospore and is capable of giving rise to a new 
individual on germination. 

In pome of the Ascomyoetes, a type of sexual reproduction similar 
in its early stages to that of the aquatic fungi occurs. Instead, however, 
of the two nuolei uniting in the oogonium to form a single spore, the 
oospore, each divides several times and a male and female pair pass into 
a group of oells whioh grow out from the oogonium. From one or more 
<4 these cells the asci arise, each ascus still having a male and female 
nucleus. Fusion oi the two nuclei occurs in the young ascus an£ the 
agoo spores arise by the division of this sexual nucleus. There are various 
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modifications .of this process, in some oases there being no functional male’ 
cells, and the fusing nuolei being both female. It 'is also held by some 
that the two nuclei do actually fuse in the oogonium, the fusion in the 
asous being a second one of unknown significance. 

In other Ascomycetes, a peculiar type of sexual reproduction occurs, 
which bears a resemblance to the type found in some algee. The male 
oells are formed from a special cell and become separated off and set free 
as small independent bodies. One or more of these settle on a second 
special, elongated oell, the " trichogyne,” into which, it is said, the con- 
tents pass and travel down until they enter the female cell. Fusion 
of the male and female nuolei then occurs as before, the fertilised 
female cell giving risetoasoi. It seems doubtful, however, whether the 
contents of the male oell actually reach the female oell; in some 
oases at least, the triohogyne is not functional and the male cells 
degenerate. 

In the smuts, a reduced type of sexual reproduction occurs, in which 
two uninuoleate oells fuse to form a binucleate oell. This may take place 
early in the life-history of the species, as in oat smut, where the germ- 
tube (promycelium) which is formed when the perfect spore germinates*^ * 
is composed of 1 -nucleate oells. Any two of these oells may unite by a 
small branch which grows round from one to another, so that a single 
2-nucleate cell is formed. The hyphro which arise from this cell are 
composed of 2-nuoleate cells and the 2-nuclear condition persists 
through the whole subsequent growth of the fungus up to the formation 
of its Bpores. During the ripening of the spore the two nuclei fuse, so- 
that the mature spore has only a single nucleus. Often, instead of fusion 
occurring between two oells of the promycelium, two 1-nucleate sporidia 
fuse, the nucleus of one migrating to the other, which then geqninates 
and gives a 2-nucleate myoelium as before. The latter method is the regu- 
lar one in bunt of wheat, and is found combined with the other in oat 
smut and several other cases. In maize smut, on the other hand, these 
early fusions do not occur and the myoelium is 1 -nucleate up to the 
commencement of spore-formation. Then the ends of the hyph® 
segment into Bhort 1-nuoleate lengths, and the dividing wall between 
eaoh pair dissolves, leaving a larger 2-nuoleate oell. ThiB becomes the 
spore, the two nuclei fusing bb the spore ripens. Hence the perfeot 
spore form of the smuts arises as a result of the fusion of jbw o nuolei, but 
the sexual act, by which these two nuolei were brought into the one cell, 
may have taken place far baok in the life of the fungus. 
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The rusts, follow an essentially similar method. Here the change 
from the 1-nuoleate to the 2-nuoleate condition takes place just prior to 
the formation of eecidiospores, and is caused by* the passage of a nucleus 
from one cell of the stroma found at the base of the compound sporophore 
(the eeoidium) to a neighbouring oell. The resulting 2-nuoleate cell 
grows out into a chain of 2-nucleate eecidiospores . The 2-nuoleate 
condition persists in the germ-tube of the eecidiospores and throughout 
the whole of the next spore stage (the uredo stage) and it continues up 
to the formation of the perfect spore form, the teleutospore. In the 
teleutospore the two nuclei at last fuse. The germ-tube of the teleuto- 
spore (the promycelium) is oomposed of 1 -nucleate cells, the sporidia 
borne on it are also 1-nuoleate, and the myoelium resulting from the 
germination of the sporidia remains 1-nuoleate until the ©oidiospores 
are again about to form. Hence the teleutospores of the rusts are 
comparable to the perfect spores of the smuts in being the product of a 
sexual act, though this usually has occurred far back in the life of the 
fungus. 

In the Basidiomycetes proper, the few oases so far observed show 
a still more reduoed type of sexual reproduction than that of the smuts 
and rusts. The sporidia which arise from the basidium have eaoh a 
single nucleus and the mycelium which arises from the germination of 
the sporidium is composed at first of 1 - or 2-nuoleate dells ; later on^ as the 
cells which lead up to the basidia are formed, they are usually regularly 
2-nucleate. It is not yet clear how this 2-nuoleate condition comes 
about. There is evidence, however, that the clamp- connections between 
neighbouring cells of a hypha serve to effect the transfer of nuolei from 
one oell to the other. The clamp forms in a 2-nucleate oell just above a 
wall which divides the cell into two 1 -nucleate portions. Eaoh of the 
two nuclei divides and one from the upper pair passes through the clamp 
to reach the lower oell. Each subsequently formed cell remains 
2-nuoleate until the basidium develops. In the young basidium the two 
nuolei fuse into a single “ sexual ” nucleus and the process is terminated. 
Hence the only oell union is between two succeeding cells of the same 
hypha, though it does not seem to be clear as yet whether the two nuolei 
thus brought together are closely related or not. 

Polymorphism, 

One of the most ourious circumstances in the life-history of fungi 
is their oapaoity for artuming different forms at different periods of 
their full development. To this the name “ polymorphism ” is given. 
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Many interesting eases are known and their number is constantly being 
added to. Owing, however, to the small size of fungus spores, the 
similarity of the vegetative myoelium of many species, and the difficulty 
of being sure that any particular mass of myoelium has arisen from only 
one and not two or three different spores, it is neoessary to exercise 
great caution in regarding different forms as belonging to the same species. 
Mere occurrence close together, or the appearance of several types of spore 
on what is apparently the one myoelium, is not sufficient. It is neces- 
sary to make sure by repeated observation and by excluding all sources 
of error that the one form grows out of the other and that the two are 
connected together at some stage of their development. 

It is, however, quite possible in the laboratory to separate out a 
single spore and cause it to germinate. The mycelium from this single 
spore can then be grown in dosed vessels, absolutely secure from danger 
of the entry of any foreign Bpore. If when thus grown, the fungus 
gradually assumes different forms or produces different types of spore, 
one may feel satisfied that all belong to the same plant. 

Sometimes, instead of two spore forms appearing successively, both 
may occur together, or there may be overlapping, the second appearing 
while the first still persists. In these cases, it is often possible to 
trace a direct hyphal connection between the two spore forms under the 
m'croscope. Again, the spore of one type may on germination give a 
second type of spore after a longer or shorter interval of mycelial growth ; 
this may happen so quickly that it is easy to see the connection between 
them. 

The Ascomycetes and rusts are particularly rich in polymorphic 
species, as are also the “ imperfect fungi,” which are often merely stages 
in the development of Ascomycetes or Basidiomyoetes. Polymorphism, 
however, occurs to some extent in all groups, though it must not 
be confused with the formation of sexual spores of distinct type, which is 
rather to be considered as the completion of development. Polymorphism 
is confined to the asexual stages of the life-history ; we never find 
two types of spore resulting from the sexual act in any fungus ; and in 
every group of fungi (omitting the Deuteromyoetes as having an incom- 
plete life-history) there is a single definite type of spore, the “ perfect ” 
spore, which is the result, immediate or delayed, of a sexual act/ Many 
polymorphic forms will be found included in the^escriptions of particular 
parasites in later pages, but one or two examples may be given here. 
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A species of rust known as l/remyoea Fubce is oommon on peas, 
broad beans, and lentils in some parts of India. The first sign of its 
appearance is an outbreak of tiny, yellowish dots in dusters on the stem 
and leaves. On examining these under the microscope, they are found 
to be flask-shaped Bporophores, sunk in the tissues and containing a large 
number of minute spores formed on the tips of short stalks lining the 
interior of the flask. This kind of spore receptacle of the rusts is called 
a “ spermagonium ” and the spores produced within it are known as 
“ spermatic,” as they are believed by some to be male cells which have 
beoome functionless. Very soon, larger, yellow eruptions, the * feddia,” 
appear in the same parts of the stem and leaves as the first, and on the 
same mycelium. These are cup-shaped bodies, the bottom of the cup 
being formed of a baBal stroma and the Bides ojf a lateral membrane, 
known as the “peridium,” composed of a layer of pale, angular 
cells. This membrane 


projects above the surface 
of the leaf or stem and 
when mature forms a 
serrated rim to the cup. 

Within the latter, chains 
of rather large, yellow 
“ ©cidiosporefi ” arise 
from the basal stroma. 

A little later, pale brown 
pustules, the uredo sori, 
appear scattered all over 
the plant. These consist 
of flattened beds of fertile 
hyphee, producing single 

spores the “uredospores” Fig. 14. Uromyea t Fa bee : 1, spermaffonium, X 100 > 
r . . . part of an root dial cup, X 215 ; S, part of uiedo 

at their tips. Still later, sorua, x 215; A teleutoaporea. X 215 ; 5, germlna- 
. ... , tion of taleutospore ; G, aporidia, two (terminating, 

large, blackish-brown pus- x 200. [1 and 6’ after, de Bary, 6 after Plowright) 

tules are found, chiefly 

on the stem. These are the teleuto sori; in structure similar to the last, 
but bearing the perfect type of spore, the “ teleutospores/’ at the tips 
of numerous stalks arising from the base of the sorua. On germination, 
the teleutospore produces a single short germ-tube (promyoelium) divided 
by transverse septa into 4 cells, from each cf which a sterigma grows out 
and beats a single small “ sporidsom ” on its tip. Each of these/ five 
forms of spore differs from the others in sire, structure, colour, or some 
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other particulars. # By sowing the sporidia on the host plant, a mycelium 
bearing spermagonia and aecidia is produced ; the ceoidiosporea are set 
free into the air and germinate on other parts of the plant, giving rise to 
a mybelium which bears uredo sori ; when the uredo spores germinate 
they may give further uredo sori, or teleuto sori, or sometimes both 
together on the same mycelium ; and the teleutosporeB finally germinate 
(usually the following year) and give sporidia again. 

The “ sooty moulds ” which are very common on mango, fig, and other 
trees all over India, belong to another group of highly polymorphic 
fungi, being Ascomyoetes extraordinarily rich in conidial forms. CofEee 
bushes attacked by bug in south India are often almost completely 
blackened by the growth of one of these species, Capnodium brasiliense, 
which lives in the sugary “ honey dew ” produoed by the insect on the 
surface of the leaves and twigs (Fig. 197). As in the rusts, each conidial 
form in this group has received a separate name, the connection between 
the different forms not having been suspected when they were first 
observed. In the Bpecies on coffee, the simplest type of reproductive 
body results from the breaking up of certain hyphee into chains of nearly 
cubical cells, which separate readily from one another and are capable 
of germination. To this form, the name Torula is applied. *ffc is probable 
that its spores belong rather to the chlamydospore type of propagation 
than to the true conidial type, and the same may also be true of the next 
form. This oonsists of compact collections of roundish cells, formed 
by the division of a cell of the mycelium in all three dimensions. The 
result is a little packet of cells which remain united, though the whole 
mass may separate from the mycelium before germination occurp. This 
spore-type is known as Coniothecium. On other hyphee, short stalks 
grow out laterally and each bears an elongated, narrow conidium of 
considerable size and characteristic shape, at its tip. This is the Brachy- 
sporium type. Similar lateral stalks may bear another kind of conidium 
composed of three or four radiating arms united at the centre. Each 
arm consists of a row of four or five cells, the whole forming a multicellular 
conidium of very peculiar' shape. In some sooty moulds, such as that 
found on coffee in Ceylon, only this form, which is known as Triposporium, 
has been observed. The next type of fructification belonging to 
Capnodvum brasiliense is a pycnidial form, which is sometimes, but not 
invariably, found on affected bushes. The pycnidia are long, cylindrical 
bodies, sometimes swollen in the middle and occasionally forked. They 
contain large numbers of very small pyonospofes, which are - liberated 
through a mouth at the top. Finally, there is a perfect form bearing 
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asoospores, which seems to occur infrequently. It oonsists of somewhat 
irregularly shaped peritheoia, containing asci, in each of which are 4 to 8 
Asoospoges. Any one of these spore forms can reproduce the fungus, in 
All its various shapes, on germination. 

It often happens in polymorphic fungi, and in those that have an 
asexual, as well as a sexual mode of reproduction, that one or other of 
the forms appears but rarely, or that whereas in one country several 
forms occur, in another some of these may never be found. ThuB the 
spermagonia and seoidia of the black rust of wheat have never been found 
in Australia, though the other forms are common. In India also they 
are absent, except in the Himalaya, though millions of wheat plants bear 
the fungus in its other stages every year in many parts of the country. 
The Asoomyoetes have many species which are amongst our commonest 
moulds in the conidial stage ^nd only rarely produce asoospores ; in this 
group, too, the powdery mildews (Erysiphace®) are often found in the 
conidial form only, and in the warmer parts of India the ascigerous 
.stage is rare as compared with temperate areas like Kashmir. 

In these oases, it is evident that the spore form which only appears 
at long intervals can be of little use to the fungus. It is able to live 
and reproduce itself for many generations by means of its other stages 
alone. Hence arises a gradual tendency to lose' altogether the useless 
type of spore. A very large number of fungi are known which, from 
their relationships, we can guess to be conidial stages of Asoomyoetes 
•or sometimes of Basidiomvcetes. To these the name of Deuteromycetes 
or imperfect fungi, is given, the term simply implying that they are 
suspected of being merely stages in the development of some higher 
fungus, but the higher form is not known, and is certainly in many oases 
altogether lost. 

What adds to the difficulty of classifying these imperfect fungi 
is the fact that several different kinds of fungi (usually Asoomyoetes) 
may all have the same kind of conidial forms. For instanoe, it is very 
•common to find the oonidium-bearing mycelium of Fusarium udum 
on stalks of pigeon pea which have been killed by the wilt disease. ThiB 
mycelium bears two kinds of conidia on the same or different hyph©. 
Occasionally, bright red receptacles, the sporophores of an Asoomyoete, 
Ntctria Bolbophylli , appear on the same stems, and by sowing the 
asoospores from these reoeptaoles, we get a quite similar mycelium with 
two conidial forms almost identical with those of Fusaruhtn udum. On 
the old roots and the base of the stem below ground a second land of 
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Asoomycete, Neooasmospora wmnfecta, is sometimes found. This* has a 
oonidial mycelium very like the others and with quite similar oonidin. 
Here, then, we have three entirely different fungi Which resemble each 
other so closely in their oonidial stages (which are often alone found) 
that we cannot readily tell, on examination of the oonidial mycelium 
by itself which fungus we have before us. 

The dissemination of fungi. 

A fungus may be disseminated by the myoelium or by spores. 
The former can usually only be carried with the substance on which it is 
growing, and sufficiently large pieoes to contain portions of myoelium 
that will survive are not often carried far, except by the agency of man. 
Several parasites have, however, been widely distributed in the mycelial 
condition with the plants on which they grow, aB, for instance, the 
well-known potato blight, which has reached many parts of the world in 
the tubers. 

The great majority of fungi are ordinarily disseminated by spores. 
As these are very minute bodies (usually invisible to the naked eye) 
and are so light as to be easily taken up into the air as an impalpable 
dust, the wind is the chief agent in securing dissemination ; there are, 
however, many subsidiary methods of spread. 

The spores are often long-lived bodies, able to stand drying or 
extremes of heat or cold. The Bpores of bunt of wheat have been 
germinated after 8 years, and have been kept in a solid lump of ice for 
three months without injury, though the temperature fell to — 20°F. more 
than once. Other spores have been found to stand, when dried, 
the temperature of liquid hydrogen ( — 253°C.) for several days. 
Susceptibility to heat varies greatly. Moist heat is more harmful than 
dry, and many spores cannot resist immersion in hot water at from 
120° to 150°F., for 10 minutes or so, while few can stand temperatures 
Approaching the boiling point for even a short time. A dry heat above 
250°F. is required to kill the spores of some species. So far from being 
injured by drying, most spores can usually be best preserved in a dry 
condition, thoqgh there are some exceptions, as in the sporangia of 
some of the Phycomycetes, which are killed by thorough drying for 
24 hours. These properties of the spores greatly assist in the 
dissemination of fungi. w 

For dinemmation by the wind, many fungi^re peculiarly wefiUsuited* 
They often produce spores in enormous q u a ntit ie s , up to 7 million milHoa 
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having been calculated to be contained in the sporophore of Lyooperdon 
bovista , one ol the puff-balls. When enclosed in reoeptaoles, there are 
sometimes arrangements for expelling the spores forcibly 1 into the air. 
These are often brought into play by changes in temperature or dryness, 
as in some Asoomyoetes where “ puffing ” (the expelling of a number of 
spores together in a oloud) oan be induced by concentrating the sun's rays 
on the receptacle'* by means of a pocket lens. Many spores have tiny 
spines on the wall or are stioky on the surfaoe ; this helps to anohor 
them to leaves or other suitable places for germination. Others have 
thread-like tails or appendages, which doubtless assist both in keeping 
them in the air, and in fastening them to their support when they 
tall. 


The distance to which spores oan be carried in the air is not accurately 
known. There is no evidence that they oan be borne for hundreds of 
miles (as is sometimes assumed) and much that they are often limited 
to a few miles. They are known to drop while in the air at rates varying 
from | to 5 mm. per seoond, and though the rate of fall is naturally 
influenced by vertical currents of air, in general they seem to be deposited 
muoh more quickly than might be expeoted at first sight. This is of 
great importance in dealing with the spread of .parasitic fungi which, 
in a considerable number of oases under observation in reoent years, 
have been found incapable of crossing the seas or of making large jumps 
within land areas, unless conveyed in some way by the agenoy of man. 
In many of these oases, the parasite has remained confined to a particular 
part of the world, until the opening up of new trade routes, the shortening 
of the time taken in transit, or the energies of Government departments, 
botanio gardens, and private individuals or trading firms in introducing 
exotic plants, have enabled it to travel to a new country on its host plant 
or in packings. Many parasitic fungi have reached Europe from North 
and South America and eastern Asia in this manner during the past 70 
years, and new oases are reported every few yeffctft. The vine mildew, 
oidium, and blaok rot, the potato blight, the mildews of the gooseberry, 
oak, and Enonymus jcvponious, the rusts of chrysanthemums, hollyhocks, 
and sunflowers, and many other parasites of more or less widely-grown 
plants, all appear to have been introduced to Europe in this fashion, 
*$»Sle in no* case reoprded is' there good presumptive evidence that they 
hafptSWtalled through the air from distant oountri& Suoh long-distance 
Cont inuous " dispersal as is going on at day, n»ay 

apparently be always attributed to human agency^ u 
b, DUD 


3 
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Within A particular land area, as Europe or India, the dispersal of 
a newly-introduced species may be and often is “ continuous/’ that is 
to say, the spread is gradual from plant to plant and long-distance Jumps 
are not required. In many oases, there is evidenoe that extension may 
be oheoked by barriers of relatively small magnitude, if human agenoy 
does not assist the parasite to cross them. Thus the cheBtnut bark 
disease, which is at present exterminating the chestnut in the eastern 
United States, was unable for at least 10 years to cross a belt of moun- 
tainous country free from chestnuts, some 30 to 40 miles broad, to the 
west of the heavily-infected Hudson valley, after it was first introduced 
about 1904. In the same way, the blister blight of tea remained oonfined 
to the north-eastern corner of Assam for at least 40 years, though the 
disastrous outbreak in Darjeeling from 1908 showed it to be well adapted 
to other tea-growing areas. It has not yet orossed the mountains into 
Caohar, where the climate would seem to be suitable for it. In the 
palmyra palm disease, on the east coast of Madras, the attempt to check 
continuous spread during the past 10 years lias been, on the whole, 
successful, though it would have been defeated could the parasite jump 
more than a few miles at a time. A palm more than 10 miles from one 
that is diseased Beems to be safe from infection, and tfie usual jump 
seems to be less than 3 miles. The dispersal of the American goose- 
berry mildew in Europe seems to have been entirely due in the early 
days to distribution on diseased nursery stock from Denmark and Russia, 
to which it was imported from the United States. Norway, Sweden, 
Germany, Austria, and England were infeoted in this way, and the English 
Outbreak was traoed to imports on plants from the Continent, and not, 
as might have been expected, to spores blown through the air from 
Ireland, though Ireland had imported the disease from the United States 
several years earlier. In a general way, it may be said that, if human 
agenoy be excluded, dispersal within a new area is gradual and conti- 
nuous ; each new generation extends its area by perhaps some tens of 
miles ; jumps of a Hundred miles are rare, though they seem to have 
occurred in the oase of the oak mildew in Europe ; while jumps of several 
hundreds of miles are unknown. 

For dissemination through short distances, the spores of fungi make 
use of many different methods of oonVeyanoe. Currents of air are by 
far the most important means in the great majority of cases. The 
splashing of rain and the flapping of wet leaves against one another is the 
•chief means in a few oases, as in the bean anthraonose (p. 256), and is a 
secondary means in others, as in the potato blight (p. 277). Adhesion 
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by contact is well known to cause muoh of the bunt in wheat, when 
broken bunt balls get into the seed grain. Spread by insects takes plaoe 
in certain well-established oases and 1 b highly probable in others. The 
ergots of rye ( Claviceps purpurea) and other grasses are earned in part 
Jby insects such as Mdanostoma metUna and Rhagonyeka futoo, which 
are attracted by the sugary seoretion that accompanies the Sphaoelia 
stage of the fungus. In Sderotmia umuia, also, the sweet-smelling 
spores are carried by insects to the flowers of the oow-berry, which they 
infect. In many oases, insects whioh cause wounds allow parasitio fungi 
to enter, sometimes conveying them on their bodies. Larch canker may 
begin from the 'wounds of Coleophora larioieUa and Chernies larieis ; 
Ceratostomella piUfera (a fungus whioh causes blueing of the wood of 
Pinus ponderosa ) from wounds of Dendroctonus ponderoscs ; while the 
Neotrias, whioh cause cankers of fruit and forest trees, are said sometimes 
to be oo^veyed on the bodies of insects whioh oause wounds through 
whioh the fungi can enter. Occasionally, other animals have been aooused 
of disseminating parasitic fungi ; mice or rats are said to carry the spores 
of Fomes annosus, the oause of a well-known pine disease, and snails 
or slugs those of some parasites of fruit trees and vegetables (vine mildew, 
Neotria, Bacterium campsstre). Non-parasitio fungi are also sometimes 
disseminated by animals, as the Phalloids whose spores are largely carried 
by flies attracted by their strong smell, and the truffles whioh are eaten 
by pigs and other animals and whose spores survive digestion. 

The large group of soil-inhabiting fungi, whioh do not often produoe 
aerial sporophores, are liable to be carried by irrigation water, or by 
surface wash after heavy rain ; Fusarium is undeniably carried from field 
to field by the latter, aB we know from the spread of the Fusarium wilts. 
Infected soil may also oarry the spores of such fungi and may reach 
other fields in various ways, as on the boots of farm workers and 
pedestrians, or on agricultural implements. All these and other readily 
oonoeivable minor methods of spread are efteotyre only for relatively 
short distances. The flight of inseots, the flow of irrigation water, or the 
range of labourers and pedestrians, is usually through a limited area ; 
dissemination through the air may be wider but is still restricted ; and 
though we oould imagine diseases crossing land frontiers or even narrow 
seas in this manner, we have to fall baok on human transport to explain 
the introduction of fungi from distant parts of the world. 

How effective human agenoy may be in introducing fungi inay, 
perhaps, best be grasped b^ examining the fungus flora of the great botanic 
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gardeaa, fiUoh^afl those of Kew or Berlin. In these gardena, * huge 
number of foreign species appear from time to time and are unquestion* 
ably introduced with plants or packings from abroad. Kew, for instance, 
has a much larger recorded fungus flora than any other aiea of similar 
sise in the world. It is the somewhat tardy recognition of this fact 
which forms the base of all the modem restrictive legislation against the 
free circulation of plants, whioh most civilised countries have framed 
to protect their agriculture against the introduction of new fungus 
diseases. 

CLASSIFICATION. 

The fungi as a whole are divided into three classes : Phydomyoeta, Asoomyoeta, 
■and Basidiomyoeta. To these must be added, as an appendix, the Deuteromyoeta, 
tn imperfect fungi, whioh, as already stated, are oonidial fungi, in many oases forming 
a stage in the development of Aeoomyoetes or Basidiomyoetes, but in the majority exist- 
ing only as oonidial forms, having lost their higher stages. 

OUTLINE) OF GLASSIFICATION. 

Lowbb fungi. 

Hyphss not interwoven to form compact tissues, not regularly eeptote. 

Class I. — Phyoomyoeto. — Sexual reproduction distinct, the prooe«B being usually 
completed within the sexual ceils themselves. 
Asexual reproduotipn by sporangiospores or 
oonidia 

Sub-olass I — Oomyoeta — Sexual reproduction by oospores 
Order L — Chytridiaoes. 

,, II. — Monoblepharidaoeee 

,, IIL — Leptomitaoea. 

„ IV.— Anoylietacea. 

„ V. — Saprolegniaoea. 

„ VI. — Feronosporaoe®. 

Sub-class II. — Zygomyoeta. — Sexual reproduction by zygospores. 

Order L — Muooraoea. 

„ IL — Entomophthorece®. 


Hiohxr fungi. 

Byphm usually interwoven to form tissues at some stage in growth, especially in (ha 
sporvphore, septate. 

Class U—Aceomyoeta.— Sexual reproduction more obsoure, often in two phases, 
the sexual nuclei uniting in a oell derived front 
that in whioh they first came together, or some- 
times reduced to the union of sister nuclei ; 
resulting in the production of asoospores. Asexual 
reproduction by oonidia. 

Order L — Oymn o as o ao e a. 
m n.^ ^Tw a ^rwAapea . 

Z IV. — Labonlbedma. 
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~Bili(UMny O>t».--%ul reproduction waning and reduced to the 
, unk i of sister cells or even of stater nuclei ; 

re«nlting in the production of bpeidiospores. 
Asexual reproduction by oonk% ^ 

Bub-class I — Hemibasidim. Basidia septate or not, often irregular in 
growth, baaidioeporea irregular in number, usually 
forming secondary spores on germination, 

Order.— Ustilaginaoe*. 

Sub- ola ss II.— Protobasidi®. Basidia of more strictly limited growth, 
septate into usually four cells each bearing only one 
basidiosjoore. 

Order I.— Uredinaoe®. 

„ II. — TremeUinaoe®. 

Sub-olass IIL— Eubaaidi®. Basidia of strictly limited growth, aseptate, 
bearing a definite number of baaidiospores, usually 
four. 

Order I. — Hymen omycetaoe® . 

„ II. — Gaatero mycetaoe®. 

Appendix— DeuteromyoetJB (imperfeot fungi). Asexual reproduction by 
oonidia. Some are known to be oonidial 
stages of higher fungi. 

Order I. — Spharopsidaoea. 

„ II. — Melanooniaeea. 

„ III— Hyphomyoetace®. 

The first or lowest olass of fungi is the FhyOOmyOOtag nr algw-like fungi. These 
include the aquatio fungi and the simplest land fungi. Their hyph® never unite into 
strands or tissues, and the myoelium is either filamentous oroom posed of isolated, routed 
cells. Regular septation is never found, so that the living parts of the hyph* usually 
form a continuous cell. The oharaoteristio asexual fruotifioation is the sporangium. 
Conidia are also found in Borne orders. Sexual reproduction is of a distinot and simple 
type, and the nuolei usually fuse in the same oell in which they come together. They are 
divided into two sub-classes, the Oomyoet* and the Zygomycet®. 

The Oomyobt® have their sexual reproduction by female cells known as oogonia, 
which are fertilised by male antheridia to form oospores. They are divided into six 
orders : — 

Chytridiaeea . — Usually one-oelled fungi of very simple structure ; the whole body 
in many oases consists of a rounded oell which beoomes directly transformed 
into a sporangium. The sexual reproduction is variable in type and often 
unknown. No oonidia are known. Mostly parasites in water-plants, less often 
in land-plants. 

Monobkpharidacea . — Aquatio fungi with sexual reproduction in which the oogonium 
is fertilised by small, swimming, zoospore-like bodies, termed antherozoids, 
formed within antheridia. Asexual reproduction by zoospores from sporan- 
gia. Conidia not known. 

Zepfomdoee®. — Aquatio fungi with the hyph® oonstrioted at intervals and nearly 
closed by partitions, but not truly septate. Sexual reproduction by the union 
of oogonia and antheridia to form oospores : only known in some oases. 
Asexual, reproduction by zoospores from sporangia. Conidia not known. 

A ncylUtacm — Aquatic fungi, paraaitio in alg® and small water-animals. Resemble 
the CKftridiaum in their reduced myoelium and .the Uptomilacea in its 
constriction into segments. The whole of a segment becomes an antberidium 
or oogonium or an asexual sporangium with zoospores. 
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8oproUgniac#$. — Aqusfcio fungi with often large hyphn, usually saprophytic. 
Sexual reproduction by antheridia and oogonia, each oogonium ueually 
bearing a number of oospores. In moat oaaee no aotual fertilisation occurs. 
Asexual reproduction by zoospores, usually from elongated sporangia. Coni- 
dium-like bodies are sometimes formed from the sporangia by suppression 
of the zoospores. 

Peronoeporaeea. — Chiefly land-fungi parasitic on plants, a few also aquatio and 
saprophytio. Sexual reproduction by oogonia and antheridia, fertilisation 
resulting in a single oospore. Asexual reproduction ohiefly by zoospores 
from rounded sporangia. Conidia often formed from the sporangia by 
suppression of the zoospores. 

The Z too MTOsrr acka have their sexual reproduction by the union of two more or less 
similar cells to form a zygospore. The asexual reproduction is never by zoospores. 
They are divided into two orders : — 

Muooracea . — Land fungi, ohiefly saprophytio. Zygospores formed by the union 
of two usually equal cells. Asexual reproduction typically by rounded air- 
disseminated spores formod in a sporangium, rarely also by oonidia. 

Entomophihoracea. — Parasitic on insects, rarely on plants or saprophytio. Sexual 
reproduction by zygospores formed by the union of two often unequal cells. 
Asexual reproduction by oonidia only. 

The AsOOmycetflB include a great number of forms, all agreeing in having spores 
developed within a mother-oell, the asciis. In most, the asci are produced on, or in special 
sporophores; these are known as peritheoia when round or flask-shaped and enolosing 
the asoi in the, hollow cavity, and as ascophores or apothecia when the asci are exposed 
Conidia of the moSt diverse sorts arc also usually borne. The mycelium is, on the 
whoje, less aggregated into masses than in the Basidiomyoetn ; in the majority of oases, 
however, the asoi are developed on a hymenitun lining a sporophore formed by the union 
of many hyphe, and in some there is a considerable development of stromatio tissue in 
which a number of peritheoia may be borne (compound stromata). Besides these sporo- 
phoren, aggregations of hyphe to form solerotia are found at times. The asoi are usually 
of regular size, with eight spores. Sometimes there are less than eight spores, sometimes 
more, up to sixteen, thirty-two, sixty -four, or more. There are four orders 

Qymnoaacacem. — Asci formed directly on the mycelium or on special parts of it, 
not united in a hymenium enclosed in or borne on a oomplex sporophore. 
In the Exoaaeactm, which are parasites, the asci are formed under the surface 
of the leaf, becoming exposed when ripe. In Endomyces they ooour singly 
as lateral outgrowths of the hyphss. In Gymnoasous there is a rudimen- 
tary peritheoiura, formed of a loose web of branched hyphas, within which 
the asoi are entangled. The yeasts, or Saccharomycetacem, differ from all 
the other higher fungi in having a much reduoed gemmate mycelium, con- 
sisting of a single cell whioh buds off other similar oells or may become convert- 
ed as a whole into an aacus ; in some oases, at least, the formation of the asous 
is preceded by a sexual aot in which two oells and their contained nuclei 
lose- 

Pyrmomycetacea. — Asoi formed usually on a hymenium lining the interior of a hollow 
sporophore (peritheolum), whioh is usually flask-shaped and with a narrow 
mouth through whioh the spores escape at maturity. The peritheoia are 
variously arranged, sometimes ooeurring independently on the mycelium, in 
others joined together into groups in oompoimd stromata, whioh may be 
crust-like or tubercular or erect and even stalked. In the edible truffles 
{Tuber aun), the sporophore is an underground tuberous body with one or 
men internal ohambers, or a series of lebyriritiuform passages, lined with the 
hymenium. Oonidial forms are extremely common and varied. 
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Dueomffettacea.—Aaoi formed on a hymenium exposed on the surface of the moo- 
phore. The latter is usually oup-shaped with incurved margins, which unfold 
as it matures, exposing the hymenium. Compound stromata are rare but 
in some oases, as in the edible morels, the sporophore has adJftiQOt stalk 
and the hymenium lines the outer convoluted surface of the fertile head, 
which may bo of considerable size. 

LabouMmniama . — A peouliar group of fungi, found on the softer outer parts of 
inseofil, where they form tiny, stalked outgrowths, usually less than one* 
twentieth of an inoh in length. The whole body consists of a very few cells 
* arranged in a manner not found in other fungi, a group of oells of very different 
sizes, shapes, and functions being formed at the end of a stalk cell ; some 
of these are male organs, bearing antheridia which give off small antheroeoids ; 
others are female oells — oogonia — with a special receptive organ called a 
triohogyno at the top of eaoh. The antherozoids unite with the triohogynes 
and perhaps pass down to fertilise the oogonium below. The latter then 
divides into several cells, some of whioh give rise to the asoi. The asous 
produces four or eight a acc® pores. 

The Baflldlomyoetn include a very large number of the higher fungi, representing 
the most diverse types. All, however, have the character that at some period in their 
life-history, following the completion of a sexual act, spores are formed on sterlgmata 
produoed from special, fertile oells, the basidia. They are divided into three sub-olasses, 
Hemibasidia, Protobasidia, and Eu basidia. 

The Hbmibasidiae include only one order, the Ustilaginacea or smuts, parasites 
whioh attaok grasses and other plants and produce spores, as a rule, only in oertain 
organs of their hosts, generally the flowers. These spores usually form a dense blaok 
dust, from which the name " smuts ” is taken On germination, they give out a pro- 
myoelium or short germ-tubo. whioh is a transitional form between the ordinary type 
of germ-tube and the basidium of the other two sub-olasses. It is either transversely 
septate or aseptate. and eaoh cell boars a variable number of sporidia, on storigmata or 
sessilo. On germination, these may bud off secondary spores. The vegetative myoe- 
lium is filamentous, and there is no formation of oompaot tissues exoept sometimes 
in the spore-beds. 

Tho Protobasidia differ from the Hemibasidite chiefly in having a more regular 
basidium and a definite number of sporidia, eaoh cell of the usually 4 -celled basidium 
producing a single sporidium on the end of its sterigma. They are divided into two 
orders : — 

Urcdinacea or rusts. — True parasites of green plants. Spores produoed in oup or 
flask-shaped or flat spore-beds and of five different kinds : Bpermatia, ftoidio- 
spores, uredospores, teleutospores, and Bporidia. One or more of these may 
be absent. On germination, the tele^tospore produces a promyoeiium like 
that of the smuts, but more striotly limited in growth. This represents the 
basidium and from eaoh of its (usually four) oells a single sporidium is produoed 
on a sterigma. The myoelium is filamentous, exoept where it oondenses to 
form the spore-beds. 

Tremefftnaosm.— Saprophytes with the hyphe united into masses, usually gelatinous 
when moist. The basidia are produced generally on fertile hyphe joined into & 
hymenium, whioh may be either superficial or enclosed by a protective 
covering of sterile hyphe. They are septate, usually into four oells, each of 
which produoes a single basidiosporo. On germination, oonidia may be 
produoed almost immediately (“ secondary spores ”) or they may be formed 
on the myoelium at a later stage. 
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The Bubaudlb include the mushroom*, puff-bells, end most of the larger fungi. 
The hyphn frequently unite to form huge, oonspiouous messes, particularly in the sporo- 
phores, but elso in solerot& end rhisomorphs. The besidie ere generally joined together 
into ft hymenium add ere eeeptete, with e -definite number of besidiospores, usually four, 
borne on sterigmete. Oonidift ere found in some oases. They inolude two orders 

Hym*nomycdac€a .~ Saprophytes or pereaites. Besidie forming e Effmenium, which 
is exposed from the firetor at least before the spores are ripe. 

Qaskromyoetacea . — Chiefly saprophytes. Besidie forming e hymenium, whioh is 
enolosed in the sporophore by e special oovering of sterile hyphts until after 
the spores ere mature. 

The DeuteromycetJB comprise a large number of conidium-beering fungi, 
«ome of whioh have been proved to be merely stages in the life-history of Asoomyoetss, 
more rarely Basidiomyoeta, or very occasionally Phyoomyoeta. The vast majority, 
however, appear to exist habitually as independent individuals, having probably lost 
any other method of reproduction than that by oonidia. They are entirely devoid of 
sexual reproduction or sporangium -formation, and are usually of minute size. Many 
are parasitic. They are divided into three orders 

Spharopaidacea . — Conidia borne on a hymenium, enclosed in a round, flask-shaped, 
or flattened sporophore (pyonidium or pseudo-peritheoium). The conidia 
are set free through a narrow mouth or a slit. 

Melanconiacea . — Conidia borne on orowded conidiophores arising from an immersed 
stromatic base, in a cavity, of which the outer wall is formed by the tissues 
of the host (aoervulus). 

Hyphomycetacea . — Pyonidia and acervuli absent, conidiophores Superficial, some- 
times produced from simple free branohes of the myoelium, at others, arising 
from an ereot bundle of hypha united together into a strand, or from a 
wart-like superficial Cushion of matted hyphie or of stromatic pseudoparen- 
ohyma. 



CHAPTER JO. 

THE FdOD OF FUNGI. 

The epore, on germination, gives rise to a germ-tube, which at first 
is nourished by reserve food stored up in advance. In many oases, a 
large proportion of this food is fatty in nature, and is visible in the form 
of oil or fat droplets in the ripe spore. Very soon the young hyphse 
begin to feed for themselves. As in the oase of other plants, the food 
must be dissolved before it can be taken in. This is necessary because 
solid particles oannot pass through the membrane which forms the oell 
wall of all hyphse. Liquids can, however, pass through, and the food 
dissolved in them reaohes the interior of the hyphffi by a process of 
osmosis. 

The great difference between fungi and the plants which possess 
the green matter called ohlorophyll, is that the former oannot build up 
their essential carbonaceous food out of the carbon-dioxide of the air. 
In this respect the fungi are like animals, requiring their food ready 
prepared by having been built up to form the bodies of other plants or 
animals. 

JuBt as many animals require a certain amount of mineral food, such 
as oommon salt, for their perfect health, so also mineral Balts are necessary 
to most fungi. Amongst the chief minerals important in this respect 
are potassium, magnesium, and perhaps iron. Such small quantities of 
these are required that sufficient is generally obtainable in nature from 
the Boil, from decomposing vegetable or animal matter, or from the sap 
of living plants. To be available as food they are best dissolved in 
solutions of weak strength. 

The other important constituents of the food of fungi are, as in the 
higher plants, nitrogen, phosphorus, and sulphur. 

According to the manner in which fungi obtain their organic food, 
they are divided into two great classes ‘.—Saprophytes and Parasites, 

Saprophytes obtain their organic food from the dead tissues of 
animals or plants, or of substances derived from them, Henoe they are 
found in large numbers in the soil, pervading every bit of rotting leaf 
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or twig or particle of manure. They grow as moulds on fruit and jam 
and on boots and the backs of books in the rains. Every bit of old timber 
in the forests is. liable to be permeated all through with their hyphse. 
In company with the bacteria, they play the part of scavengers, breaking 
up such resistant organic bodies as the walls and contents ‘Of plant oells, 
liberating carbon-di&ride which becomes available in the air as food for 
green plants, hydrogen which soon forms water, ammonia, and so on. 

Parasites obtain their food from the living tissues of animals and 
plants. While, therefore, many saprophytic fungi play a useful part in 
nature as scavengers, the parasites are almost entirely hurtful. The 
few oases of beneficial parasites, from the point of view of man, are those 
which attack noxious insects and occasionally destroy large numbers of 
them. The great majority of parasitic fungi feed on living plants, those 
useful to man as much as, or more than, the weeds or useless kinds. A 
living plant on which a fungus feeds is often termed a “ host plant ” for 
that fungus. There is scarcely a plant of our fields, gardens, and forests, 
which does not serve as a host plant for one or more species of fungi. 

Several different classes of parasites may be distinguished. True 
\ parasites , for instanoe, pass through the whole of their life-history on 
living plants and cannot be grown on dead or artificial food material. 
Such are the rusts and some Asoomyoetes and other fungi. Hemi- 
j parasites are those that feed usually on living tissues but can, at need, 
pass through a part of their lives as saprophytes. Often their full devclop- 
-ment is only reached on the living plants and we cannot by artificial 
cultivation get them to complete the whole of their life oyole. The 
smuts are examples of this, as they can often live by budding out little 
conidia for a considerable time in soil, but only grow to maturity and 
produce their perfect spores on a living plant. Hemi-sajprophytes, on the 
other hand, are those which usually grow on dead or decaying matter 
and are capable of passing through the whole of their development as 
saprophytes, but have at the same time the faculty of attacking living 
tissues under certain conditions. 

Within these main divisions, parasitic fungi may show every degree 
of adaptation to the parasitio existence. At the lowest end of the scale 
are oertain hemi -saprophytes, whioh may be called “ weak parasites, " as 
they become parasitio only occasionally, when the host plant has been 
weakened in its vitality by some harmful agency. Plants not yet 
acclimatised in a new locality, or suffering frofid insect attack, or grown in 
insanitary conditions such as overcrowding, too dense shade, unsuitable 
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Boil and the like, are particularly liable to become available as food to 
these fungi that are normally saprophytic. Cases of the sort have been 
recorded from time to time, though few have been adequately 
investigated ; for instance, exotic cottons whioh are being unsuccessfully 
acclimatised in India are often invaded by a common species of Alter- 
naria, whioh is able to overcome the lowered vitality" of the oells of the 
leaf and cause their death, though acclimatised or indigenous varieties 
are not attacked by it and it usually seems to be a pure saprophyte. 

Instead of this weakened vitality of the host plants aiding a 
normally saprophytic fungus to live on them, certain saprophytes 
have been found at times to become " educated ” into the parasitic 
life ; that is to say, it has been found possible to develop a parasitic 
strain, or race, of a normally saprophytic species, capable of living 
even on healthy individuals of the host plant. Whether such a strain 
might become permanently fixed in the parasitic life is not known, 
but it seems probable that parasitism as a whole must have originated 
in some such manner. The best authenticated instances of this kind 
are in the bacteria, where it is well known that virulence may vary greatly 
in different strains of the one speaies. Thus the common BaciUm colt 
has been found unable to attack strong, well-grown, mature potato tubers, 
when it is first cultivated as a saprophyte on dead substances, but if the 
tubers are weakened in their resistance by growth in an excess of lime, or 
by soaking in weak alkali, they can be readily infected, and the strain 
thus produced is actively parasitic when directly inoculated into 
unweakened tubers. Amongst fungi, the saprophytic Clado&porium 
epiphyUim has been reported to have developed into a parasite on a 
variety of Clerodendron fallax , in whioh the leaves were studded with 
glands, on the sugary secretion from whioh the fungUB grew at first as a 
saprophyte. Having become accustomed to the secretion of the gland 
oells, it prooeede^to attack the oells and ultimately became capable of 
infecting any part of the leaf. Other similar oases have been recorded, 
aB for instance where the saprophytic Trichothecmm candidum was 
artificially trained into a parasitic life on begonia leaves, by injecting 
sugar into the leaves. Still more frequently it has been observed that 
jbhe opposite may occur, and a parasite may lose the power of living on 
its host plant by being artificially grown for several generations as a 
saprophyte. 

In a somewhat more developed stage of parasitism are those castes 
where a fungus is a weak parasite on some hosts, while on others it can 
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attack normal healthy plants. Thyridoria tarda, described below as 
a parasite of sugarcane, tea, and other plants, seems to be a case of this 
kind. 

In many oases, particular tissues of a plant are normally of low 
vitality and aTe readily invaded by weak parasites. Such are the gorged 
cells of many pulpy fruits, oranges, mangoes, apples, and the like, and 
also the older wood of trees. 

Next, there is the large section known as “ wound parasites." At 
first these live only on the dead and rotting tissues caused by a wound 
or injury to the plant. Later on they begin to spread to the undamaged 
cells further in, and they may extend through a large area of the living 
tissues, eventually, perhaps, killing the whole plant. Wound parasites 
are very common on trees, as the large masses of dead bark and wood 
which result from the injuries to which trees are liable (as when a branch 
is torn off by the wind) enable the fungus to get a firm footing before it 
proceeds to attack the living tissues. A large wound may also expose 
the older wood which, as already mentioned, is particularly liable to 
attack in some oaBeB. 

Other hemi-saprophytes are more vigorous, being**' able to attack 
perfectly sound tissues of healthy plants should they come in contact 
with a suitable host, but in the absence of the latter can live and develop 
freely on dead material. Such a oase is the “ damping off ” fungus, 
Pythium de Baryamm , which is present as a saprophyte in almost every 
garden in some parts of Europe, and at once attaoks and destroys seedlings 
of cress and certain other plants, should they be grown in the soil which 
contains the fungus. The species of Fusarium that produce wilt diseases 
oan also live in the soil as saprophytes for considerable periods, but will 
attaok suitable host plants in such soil when the latter are otherwise 
healthy and growing under ideal conditions for their development. 
Neither neglect of cultivation nor poverty of soil {^dispose to these 
diseases ; wounds are not necessary for the entry of the parasite ; and, if 
anything, wilt is worse on highly cultivated and well fertilised fields than 
elsewhere. 

Even amongst the hemi-parasites and true parasites there are 
different degrees of adaptability to the parasitic life. Some are able to 
pass through all the tissues of the host plant, v others are confined to 
certain tissues or oertain localities on the plant. In several oases, the 
parasitic mycelium is only capable of growth in young or embryonic 
tissues. In some of the cereal smuts, for instance, the mycelium cannot 
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continue xto development ualeaa it early readies the multiplying cells 
of the growing point ; otherwise it oeases growth and gradually 
disintegrates. In Peronotpora paralitica too, the whole plant is sometimes 
invaded, but this usually occurs only while it is still composed of young 
tissues as in the seedling stage ; at other times, chiefly in older plants, 
the attack is local and confined to parts where the cells are still dividing, 
as in the young inflorescence, or the stem galls caused by Cystopus 
candidus. In maize smut, local infection is the rule, and none but young 
tissues are involved. Similarly, several of the parasitio Phytophthoras 
can only attack young individuals of certain hosts, and the same is 
noticeably true for the peach and almond mildew ( SphcBrotheca pannosa ) 
in Kashmir, where the full-grown trees are almost immune though 
nursery stock suffers severely. 

It has been established in several oases that external conditions 
may have a considerable influence in promoting or oheoking the growth 
of the parasite in the plant. Temperature, humidity, and conditions 
affecting the nutrition of the host, are amongst the most important 
factors in these oases. Thus, in some of the cereal rusts, the period of 
vegetative existence of the uredo stage may be much prolonged at oertain 
times of the year. In India, the uredo stage of blaokrust of wheat may 
be prolonged, in the hot weather, from the usual 10 or 15 dayB to 35 days, 
and, in other countries, infections in the beginning of winter have not 
resulted in Bpore production until the following spring. The Bame haB been 
found to occur in the teleuto stage of the hollyhock rust. Again, it has 
been proved possible to check the growth of the uredo mycelium in some 
cereal rusts, after infection has been successfully accomplished, by inter- 
fering with the nutrition of the leaf, such as by starving it of carbon- 
dioxide, or by heating or cooling the roots and so preventing them from 
oarrying out their functions properly. If interference with the plant is 
carried too far, the mycelium will die, but in some cases it is only arrested 
and resumes growth later on. It is probably for the same reason that it has 
not been found possible to get successful inoculations with some parasites, 
unless the host is in a healthy and vigorous condition. Cytfopus candidus 
has been observed not to grow on host plants infested with aphis or 
thrips, or if the young leaves are unhealthy and yellowish, and the same 
is true of the cucurbit mildew, Erysiphe Cichoracecerum. Of the downy 
mildews generally, it has been said that the more healthy a plant is, the 
move Feronospora appears to prosper on it. Nevertheless, far more 
cates are known where the opposite is true ; all the weak parasites 'are 
favoured by lowered vitality, deficient nutrition, or any unhealthy state 
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of their hosts, and even the more highly developed parasites are often 
quick to take advantage 0 f any weakening in the powers of resistance 
of the host. One of the best oases of this kind recorded is in maize smut, 
where, by exposing the plant to the vapour of ether, or heating it to 70°C, 
total and rapid invasion has been induoed, though ordinarily the fungus 
is strictly local in its attack. Very many instances will be found in the 
part dealing with special diseases below, in which weakened vitality 
results in increased severity of the attaok, and it is not neoessary to delay 
longer to oonsider specific oases. 

The parasitic fungi may further be divided into two types, “ ecto- 
parasites ” and “ eudoparasites,” according to their situation on their 
host plants. 

Ectoparasites include those forms whioh grow on the surfaoe of 
the leaves, stems, or other parts of the affected plant, and obtain their 
food through the outer cell walls without penetrating deeply into the 
tissues. They feed usually by means of special outgrowths from the 
hyph©, known as suckers or “ haustoria.” These arise from hyph© in 
contact with the epidermis, and penetrate wholly or partly through the 
toughened outer walls of the epidermal cells. All the body of the fungus 
lies outside the plant, excepting these haustoria, and there are even 
several cases where haustoria have not been detected and it seems as if 
the food is absorbed directly from the outer cells across the unbroken 
cell wall. Hence the whole or practioally the whole life of these parasites 
is passed externally, and this is of significance when the question of 
destroying them oomes to be considered. 

Endoparasites, on the other hand, penetrate into the plant and 
develop their vegetative mycelium within the tissues. Sometimes the 
internal myoelium is confined to a small part of the plant, as in the case 
of the numerous leaf-spotting fungi, where each little patoh of invaded 
leaf tissue shows as a discoloured spot owing to death of the oells. When 
a single spore of one of these leaf -spotting fungi germinates on a suitable 
leaf, the germ-tube penetrates into the leaf, grows, branches, and the 
resulting hyph© spread all around in the tissues. Their food is obtained 
from the cell sap of the living leaf oells, either by the hyph© or suokers 
from them growing directly into the oells in eearoh of it, or by absorption 
through the walls in the case of such fungi as live between, not inside, 
the attacked cells and Which have no haustoria (e.g. t Ceroo&pora longipes). 
When a certain amount of food has been obtained, and a certain number 
of leaf cells killed, the fungus ceases its vegetative growth and reaches 
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the reproductive stage. In other endoparasites, the growth may extend 
to a considerable part of the plant (e.y., Phytophthora injutons and 
many parasites of stems and roots), and reproduction may occur while 
vegetative growth is still going on. The formation of sporeB within the 
tissues would be of little use in disseminating the fungus, so the 
endoparasites praotioally all send out special sporophores to the surfaoe 
of the plant, and form their spores in the outside air. In some oases 
(c.p., Peronosporaoese) a second kind of spore, usually a sexually-formed 
resting spore, is developed within the tissues, and this is only Bet free 
and germinates when they have rotted. The use of this second spore 
form is generally to carry the fungus over some unfavourable season, 
so that germination will only occur when conditions are again suitable 
for the general life of the fungus. 

Mechanism of feeding by ectoparasites. 

The simplest arrangement by which parasitio fungi reach their food 
is found in such ectoparasites as cover the surface of leaves and other 
parts of plants with a web-like mycelium, which may be lifted off, leaving 
the surfaoe bare and the walls of the outer Cells intact. The fungus which 
causes the thread blight of tea is an instance of this. The parasite forms 
white strands whioh lie on the stems and twigs of the tea bush, and 
spread out fan-wise in a thin, glistening, membranous layer, over the 
under surfaoe of the leaves. This membrane may be peeled off quite 
unbroken from moist leaves, and careful examination shows that the 
outer walls of the leaf cells under the membrane remain intact. Leaves 
that are thus covered soon begin to droop and wither as a result of the 
death of the leaf cells. At the same time the fungus is evidently plenti- 
fully supplied with food and is able to continue growth and to send 
fungus strands acrosB to neighbouring leaves. Every patch of leaf whioh 
the membrane reaohes undergoes these ohanges ; and as the fungus does 
not interfere with light and is not dense enough to check the passage of 
air to any serious degree, the effects are doubtless due to an absorption 
of food from the living leaf by the fungus, possibly preceded by the 
seoretion of some substance (toxin) oapable of killing the leaf cells. There 
are no special suckers, er haustoria, penetrating into the cells, and so the 
food must be taken by absorption across the unbroken walls of the leaf 
cells and fungus hyph© by endesmosis. It is probable that the fungus 
{Cortickm (PeUicularia) Koleroga) whioh causes the koleroga disease of 
coffee in Mysore, acts in just the same manner, as here also no haustoria 
have been found* 
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in the ectoparasite of certain European pine trees, A<xntkortgma 
pamriticum, a white mycelium forms cushion-like layers on the under 
surface of the pine needles, and obtains its food by tiny, rod-like haustoria, 
whioh grow from the lower hyph© and indent the outer walls of the leaf 
cells, passing only into the outermost layer of these, the cuticle (Fig. 15, 7). 
In this case also, food is taken in by the parasite by endosmosis across a 
part of the wall of the leaf cell, into the special portions of the hyph© 
(the haustoria) which are formed for the purpose of obtaining it. 

In the fungi known as Erysiphaoee, or mildews, most of whioh are 
ectoparasites, the mycelium forms a white mould on the leaves, from the 
inner hyph© of whioh hauBtoria are formed and grow through the cell 



wall into the interior of the cell cavity (Kg. 16, 2 ), Inside the attacked 
cell, the haustonum swells up into a bladder-like, simple or branched sac, 
with thin walls, into which the sap of the living cells is absorbed and 
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passes back to the mycelium outside. It is evident that these mildews 
have discovered a more satisfactory manner of getting at their food than 
the fungi mentioned above, as, by forcing their Buokers right into the 
living cells, they break down the protection which is afforded by the oell 
wall and oome into direct contaot with the living oell contents. 

Mechanism of feeding by endoparasites. 

A few endoparasiteB live in the membranes of the outer oell walls 
of their host plants. Such are some of the Exoasoaoe© in which the 
mycelium lives under the outer cuticle of the cell wall (Fig. 15, 3). This 
position it reaches by the germ-tube of the spore growing from the surface 
of the leaf in under the cuticle, and forcing for itself a passage between 
the cuticle and the true cell wall. There are no haustoria and the 
fungus feeds by osmosis through the part of the cell wall intervening 
between it and the cell cavity. When spore formation occurs, the 
cuticle is ruptured and the fungus, which up to then waB completely 
immersed, becomes exposed to the air. 

In some other members of thiB group, the mycelium penetrates 
between the leaf cells but does not enter into their interior. Haustoria 
aie found m one species, Taphrma maculans (Fig. 15, 4 ), but are absent 
in the others. Sometimes the hyphee are confined to the outer layers of 
cells, sometimes they spread through the whole leaf, passing either in the 
intercellular spaces which are found at the angles of many cells, or forcing 
their way between the walls of adjacent cells. The latter condition is 
found in Bxoascus deformans , the cause of the peach leaf-ourl so common 
in the hills (Fig. 15, 5). In these cases, the hyphro obtain their nourish- 
ment by endosmosis from the cells outside of which they lie. 

A large number of fungi resemble The last in sending their vegetative 
hyphsB between the cells of the attacked plant in all directions, but obtain 
their food by haustoria which are pushed directly from these hyph© into 
the interior of the cells (Fig. 15, 6). These haustoria are often of character- 
istic shape, some being simple stud-like sacs, others clumped masses 
somewhat resembling a bunch of grapes, and others finger-like or with 
branches that may fill a great part of the oell (Fig. 16). 

Still another — and the largest — group of endoparasites, send their 
hyph© not only between, but also directly into, the attaeked cells. As a 
rule these parasites are more rapidly destructive than the others, for thejr 
generally kill all the penetrated cells. The haustorium-forming fungi, 
on the other hand, often seem to exist for a long period on some part of 

B, Dio 4 



50 


FUNGI AND DISEASE IN PLANTS. 


the cell sap not essential to the life of the oeli, or absorb their food so 
slowly that the oells are able to provide sufficient to" feed the fungus 



Flo. 16. Hauitoria of Sclgrotpora graminicola 
on left and Phytophthora Cotooasiai on right. 

a 

without suffering any great damage themselves. In most of these oases, 
however, the period when the parasite begins to form sporophores and 
spores on .the surfaoe is one of such activity on its part, and requires so 
much food for its attainment, that the infected oells are killed, and the 
part containing the fungus withers. 

In very many species, active parasitism is confined to the earlier part 
-of the life-history ; the later stages, particularly the development of the 
“ perfect ” spore form of the fungus, occur only after the tissues of the 
host plant have been killed. Thus, in many Peronosporaoeee and Asoo- 
mycetes, the oosporeB, or the perithecia, only appear on dead parts, and 
the food requisite for their production is obtained either from the dead 
organic matter of the oells or, more probably, from reserves stored up in 
the myoelium during its period of parasitic activity. 

Preparation of the food for absorption. 

In the above pages, some of the measures taken by fungi to reaoh 
their food have^been described. The saprophytes have no difficulty in 
this, for their young hyphte can absorb food from the substance on which 
# they are growing. The parathes may similarly absorb food through the 
surface walls .of the living plant, but generally have to make soma 
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arrangement for entering into its tissues, either directly, by means of* 
, ordinary hyphte, or through special organs, the haustoria. Having arrived 
in contact with the food, their work is not, however, finished. Very often 
the oell substances are present in an unsuitable form and must be altered 
to enable them to serve as nutrition for the fungus. Starch, for instance* 
which is present in©o many vegetable oells, has to be changed to sugar 
{e#., Polyporus stdphureus), and cane sugar has sometimes to be inverted 
to glucose (UstUago Zees, CoUetotriohum fabcUum) ; living protoplasm 
has to be killed and altered into other nitrogenous compounds, such as 
peptone ; gluoosides have to be split up to liberate oarbohydrates, such 
as glucose, which may serve as food (several fungi parasitic on trees) ; 
fats are also probably split into glycerine and fatty acids. In those 
fungi which make Use of the cell membranes, cellulose and pec tic bodies 
have to be dissolved. These processes are earned out by means of 
ferments, in which fungi, both parasitic and saprophytic, are exceedingly 
rioh. Ferments (enzymes) capable of causing the alterations mentioned 
above, and several others, have been found to be commonly produced by 
fungi and must play an important part not only in transforming the raw 
food material into products suitable for absorption but also in making 
use of the food taken in. In the symbiotic forms, and many of the more 
highly organised parasites, such as some of the smuts, the fermentative 
activity is so controlled that the cells of the host may suffer little, or not 
at all. In other oases, however, the first action of the parasite is to kill 
the living oell contents, and this may occur even before the hyph© have 
actually penetrated through the oell wall, though the latter seems usually 
to be partially dissolved by cellulose or pectin-dissolving ferments before 
the toxic action of the fungus on the living contents becomes evident : 
whether the toxic substances are the same as those which dissolve the 
cell wail (p. 95), or are different, is not yet fully known, but in some 
oases {Botryti8 cmerea) there is evidence that they are identical or at 
least ohemioally allied. Intermediate between these two extremes are 
the cases in whioh the parasite causes an irritation or stimulation of the 
tissues and provokes more or less deep-seated alterations in the nature 
and disposition of the oe'ls, leading to the galls, deformities, and other 
conditions more fully discussed below (p. 84). 

The substances of the hoBt plant utilised for food vary greatly with 
different parasites. Not alone are the latter often confined to certain 
tissues, /but some attack chiefly the oell membranes, others the oell 
‘Contents, The Peronosporaoe© and rusts, for instance, often oojosfame 
little or nothing of the membranes, using chiefly the oell contents ; 
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various parasites of woody tissues (where the cell contents are often, 
scanty) get most of their food from the walls, leading to $he honeycomb' 
structure, or the large cavities, found in the older wood of diseased trees ; 
while in a few oases (e.g t , Sderotvum rhizodea) cell contents and cell walk 
are equally destroyed. Within the oells, some oonsume the starch 
( Phytophthora “ omnivora,” Claviceps purpurea), others' seem to leave it 
alone (Quignardia BidmlUi, Pythvum de Baryanum) ; sugar is diminished 
; n sugarcane infected by Colletotrichum falcatum ; many vigorous para- 
sites rapidly destroy the nitrogenous cell matter ; while in Buoh forms 
as the rusts, which have so far defied artificial cultivation, there is evi- 
dently something essential which has not been successfully isolated as 
yet from the living cells. Even such poor food materials as tannin and 
aromatic bodies are utilised by some fungi ( e.g ., Trametes pini, 
Endothia parasitica , and probably the fungus which causes the formation 
of ** brown oak ”). In dealing with the effects of parasitic fungi on the 
cells of their host plants (p. 93), this subject will be further considered. 

Amongst the ferments most commonly found in fungi, are 
diastases, which transform starch into sugar ; invertase, which inverts 
cane sugar ; proteases, which render insoluble proteidB soluble ; cytase, 
peotinase, outinase, and hadromase, which attack cellulose and modified 
cell walk ; lipase, which splits fatB ; emulsin and allied ferments, which 
decompose gluoosides. The sing’e fungus Polyporus squamosus has 
been found to form diastase, protease, lipase, emulsin, tyrosinase, laooase, 
rennetase, and " ooagulase,” while evidence was obtained that it also 
produces oytase and possibly hadromase. What the toxic substances 
are which kill the living protoplasm, or cause the formation of galls or 
other abnormalities, is not known. 

Effects of different kinds of food. 

- All saprophytes and many parasites can be grown on artificially 
prepared food, or " culture media.’’ When thus cultivated it is found 
that different kinds of food often have a remarkable effect in modifying 
the form and reproductive activity of the fungus. Thus, the aquatic 
fungUB Saprolegnia mixta tends to produce a vegetative myoelium only, 
without any spores, when supplied with abundant food regukrly renewed. 
If such sterile, strongly growing oultures be transferred to pkin water, 
or to a weaker food solution, sporangia with zoospores are formed in 
quantity. Transferred to a solid substance with little food, such as 
pure agar-agar jelly, sexual oospores are alone produced. Solutions of 
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fauoin or hemoglobin are effective in stimulating the production of 
•oogonia, and certain salts (phosphates, nitrates) have a similar action 
in regaid to antheridia. Similarly the fungus Pythium uiUimum forms 
only oospores when grown on cabbage leaves, whereas on other substances 
it bears oonidia. Several species of the genus Phytophthora can be 
got to form oosporerf by appropriate feeding, though in some of them the 
sexual reproduction has never been observed under natural conditions. 
The mycelium of several oommon moulds (Penicillium, Sterigmatocystis, 
Altemaria) is quite different in structure with different food supplies ; 
in some of the Mucors it may be changed wholly or in part from 
the filamentous to the gemmate condition. Still more remarkable is 
the production of distinct varieties of Aspergillus niger under the action 
of small doses of oertain poisons. These “ mutants ” remain constant 
for many generations after the administration of the poison has ceased. 
It is possible that many cases of the succession of different kinds of spore 
in the one fungus are oonoemed with differences in the food available at 
corresponding periods of the life-history. For instance, the teleutospores 
of a rust may be formed instead of uredospores, because a particular sort 
of food, found in the plant at one time, may disappear, or a new sort 
may be provided. 


Symbiosis. 

In all the oases of parasitism mentioned above, the fungus obtains 
its food at the expense of the attacked plant and gives nothing in return. 
The food-Bupplying oells are usually killed eventually by the excessive 
demands of the parasite. Some of the haustoriumnforming species, as 
already said, are less exaoting for the greater part of their lives, and 
only kill the host tissues when the production of spores makes a sudden 
exceptional call on their resources. 

Several fungi are known whioh pass through their whole development 
at the expense of oertain plants, but ordinarily cause them no injury. 
The Darnel grass ( Lolium temulentum) generally contains an endophyte 
of this nature. So far as is known, this fungus gets the bulk of its food 
from the grass, but the latter does not suffer from its presence and even 
appears to be stimulated to more vigorous growth than when it is not 
there. It has been suggested that the endophyte assists in the supply 
of nitrogen to the host, by fixing the free nitrogen of the air. 

In other oases, there is the clearest evidence that both fnngutf and 
■other plant benefit from the presenoe of the former in the tissues of the 
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latter. The harmful effects of the fungus have been overcome and the 
attached plant has been able to obtain some advantage from its presence. 
We . apply to the life of these mutual benefit associations the term 
“symbiosis/' It is doubtless probable that most of these associations- 
arose, in the first instanoe, in an ordinary parasitic attack by the 
fungus ; but to regard symbiosis in its present forms as a special case 
of parasitism, as is sometimes done, seems to be an undue stretching 
of the familiar meaning of the word “ parasite/’ 

The lichens form the most prominent case of symbiosis. As already 
stated they consist of a fungus and an alga living in association to form 
what appears as a perfectly distinct organism. A very large number 
of different “ speoies ” is known, but in all oases the arrangement is much 
the same. The fungus hyphee surround and grow between the algal 
cells, sometimes sending haustoria into them, and feed in part on the 
organic food which the alga, by means of its green chlorophyll, is able 
to build up out of the carbon-dioxide of the air. The fungus, in return, 
appears to supply water, mineral food, and possibly peptone ; it 
appears to have the best of matters, for it alone forms spores in most 
oases. 

A very large number of plants form an association between certain 
of their roots and a fungus. The orchids are examples and also many 
forest and field plants, including a number of crops. These associations 
are known as “ mycorhizas ' ’ or fungus-roots. In many cases there is little 
doubt that the fungus began as a parasite, for indications of attempts on 
the part of the root to keep it out can often be found. Having once been 
penetrated by the fungus, the root cells seem to have successfully endea- 
voured to meet the attack and even to get something back in return for 
the food they give to the invader. In many roots, examination shows 
that in the outer layers the fungus has the upper hand and feeds largely 
on the starch stored up in the roots. In the inner layers the tables appear 
to be turned, for the fungus is gradually digested and appears to give up 
a considerable amount of its substance to the root. It is also probable 
that it helps the roots to obtain water. In orchids, the association is so 
dose that the seed oannot be germinated in the absenoe of the fungus. 
In the common ling ( CaUuna vulgaris) also, the fungus is essential for 
full development, the seedlings remaining stunted and root lessen its 
absenoe. la most cases, however, there is no evidence that the mycorhiza 
is necessary. One result of the measurerf t&kefi by the root to protect 
itself, is that the fungi which form myoorhkas appear rarely to produce- 



spores, getting usually only just enough food to enable them to live 
vegetatively ; their cultivation in artificial media has also seldom been 
successful ; and the species of fungi Concerned are, therefore, not known, 
except in some orchids, Calluna, and some forest trees. Those so far 
determined belong to the Agancaoe©, Tuberace®, Sphnropsidacefe, and 
sterile forms allied to Rhizootonia. 
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LIFE-HISTORY OF PARASITIC FUNGI. 

A parasite of the roots or stems of perennial plants or the leaves of 
evergreens has always available the food supplies requisite for its develop- 
ment. It may be, and often is, dependent on seasonal variations of 
activity, but is rarely put to such straits to tide over periods unfavourable 
to its existence as the forms which live on annuals or on the leaves of deoi- 
duous plants. Most of the common crop pests, and many other forms, 
have to face a period of the year when their ordinary supports are not 
available. In the plains of India, for instance, the wheat season is 
roughly from November to April, and it is exceedingly rare to find even 
a self-sown wheat plant between May and October. The fungi which 
are parasitic on wheat have, therefore, to pass through a period of about 
half the year in some other way than as active wheat i<hrasites. The 
different methods adopted by fungi to solve this problem are of consider- 
able interest, though they are not in all oases by any means completely 
understood. 

In the wheat mildew, the greater part of the fungus dies off as the hot 
weather approaches. Late in spring, however, the perithecia of Erysiphe 
gramini8 are found, often in considerable abundance. Examined at this 
period they are seen to be immature and with the ascospores undeveloped. 
After a time, they may beoome detached from the myoelium and fall 
to the ground, or they reach the soil with fragments of the infected stubble. 
Here, internal development proceeds, and after some months, particu- 
larly if exposed to wet as during the monsoon, the asoi mature and ripe 
ascospores are formed. These are ultimately set free by the rupture of 
the peritheoium, and in the oold weather reaoh the growing wheat plants, 
no doubt usually with dust, and infect the crop. Many other Ascomyoetes 
have fully-formed spores, while still attached to the host plant, but these 
spores, aided often by the protection afforded by the wall of the 
peritheoium, preserve their power of germination for many months, even if 
exposed to^considerable variations of temperature and humidity, as when 
cast into the soil. In deciduous perennials, the perithecia may lodge in 
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cracks in the bark and the spores be set free in 1&e air in the following 
season. The flag smut of wheat, and many Peronosporaoe®, are carried 
over by the prolonged germinative capacity of their perfect Spore forms } 
and even the oonidia of some imperfect fungi (e.p., AUemaria Brassim 
and species of Fusarium) and Ascomyoetes have the same power. 

In bunt, the spores (which are somewhat greasy, and oan live for 
several years) remain adherent to the seed grain, which they reach during 
harvest, threshing, or storing, and are sown with the orop for the following 
season. Both parasite and host germinate together, and infeotion takes 
place in the seedling stage. Sometimes a second method is made use of. 
Under certain conditions, the bunt fungus oan live as a saprophyte in the 
soil for a considerable time, budding off sporidia in large numbers. If 
this saprophytic life be prolonged, and the new wheat be sown in the same 
field, or manured with contaminated manure, infection may occur. Many 
other hemi-parasites and hemi-saprophytes owe their persistence largely 
to their power of passing a more or less prolonged period as saprophytes 
in the soil, or plant debris, until a new food crop is available. 

The loose smut of wheat differs' widely from the above cases in that 
it persists from one season to the next in the mycelial condition. As the 
crop ripens, the smut spores formed in the first-opened ears are blown 
throughout the field. Some of them fall on the' feathery stigmas of 
recently-opened wheat flowers, germinate, and the germ-tube, grows 
down to the ovary and infects the young grain. The mycelium remains 
in the grain in a dormant condition until it is sown, when it resumes 
activity and passes up into the seedlings, keeping paoe with the growth 
•of the latter until it is able to form new spores in the young ears. Other 
similar oases are known in several of the families of fungi. In the bean 
anthracnose, the beans become infected through the pod but, if the attack 
be mild, are not much injured and will germinate in the ordinary course ; 
the fungus grows into the young seedling and reproduces the disease in 
the new orop. The same occurs in gram blight. In potato blight, the 
fungus remains dormant in the tuberB and, under certain conditions, will 
give rise to diseased shoots when the tubers sprout. Several other 
Peronosporaoe® also have the power of forming dormant myoelium in 
their hosts and, in some cases, this seems to be correlated with the absenoe 
of the sexually-produced resting spores, at least under natural conditions. 
Another interesting group of oases is that in whioh the normal “ incuba- 
tion period ” (t.e., the time between infeotion and spore formation) is pro- 
longed as a result of unfavourable conditions of temperature or nutrition 
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(see p. 45). The mycelium passes into a dormant state but is not killed, 
as its subsequent development proves (rusts oi oereals and hollyhock). 
The term " hibernating ” myoelium is sometimes applied to the my- 
celium in the above cases, but is evidently a misnomer if used in tropical 
countries, where the unfavourable season is usually the hot weather. 

A very similar condition to the last is that known as " perennial ,r 
myoelium, where the parasite persists in the perennial parts of its host, 
usually in a dormant condition, and passes out into the new shoots or 
leaves arising from the infected part. One of the commonest of such 
oases in northern India is the rust of the weed often oalled “ jungli gobi ” 
{Launea asplenifolia). This plant has a perennial root Btock, but the 
whole of the above-ground parts die down at the beginning of the hot 
weather and only appear again about October. The entire plant is often 
permeated by the myoelium of the fungus, which remains dormant in the 
roots during the summer months. Several other similar cases are known 
amongst rusts (e.g., on Euphorbia, Anemone), smuts (on Scilla, Lychnis), 
PeronosporaoesB (on Helleborus, Ranunculus, Vida sepium), but none of 
these has been observed in India. Amongst species which are perennial 
in above-ground parts may be mentioned the peach Je&f-ourl fungus, 
common in the Himalaya. The parasite {Exoascus deformans) has a 
perennial myoelium in the branches, which occasionally serves to infect 
the newly-opened leaves in the spring, though the majority of new 
infections come from spores which have remained alive on the bud scales 
and twigs from the previous season. In many of the “ witches* brooms ” 
(see p. 86) perennial myoelium also occurs. Amongst ectophytes, several 
mildews (Erysiphaoese) are known, which persist in a dormant myoelial 
condition on perennial parts of the host, the peiithecia being uncommon 
(mildews of apple and vine) or even unknown (EuonymuB mildew). 

Another type of persistence in the mycelial condition is found in 
many fungi which form solerotia and other myoelial condensations. 
Sderotmn Oryzce, for instance, probably lives between successive oropB 
of rice chiefly as sclerotia in the soil. 

In many oases, the parasite is capable of living on more than one 
host plant, sometimes on a large number belonging to several different 
natural orders (e.g., Cortidum salmonicolor ), This naturally helps to 
keep it alive, where suitable food plazas are found throughout the year. 
The special variety of this condition known as “ heterosoism “ is more 
fully discussed below. * 
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Finally, there are eases in which we do not yet know clearly how 
persistence of the parasite is effected, la the downy mildews Of cereals 
(Solerospora) attempts to carry over the disease from season to season by 
artificial means have failed ; the special difficulties in the cereal rusts are 
referred to under those diseases ; while in the cucurbit downy mildew the 
method made use of is entirely unknown. 

Heteraolsm. 

In some of the oases where the one species of parasite attacks two 
widely separated plants, the fungus assumes a different form on the two 
hosts, and passes one portion of its life in one form on the first plant 
attacked, and a second portion of its life in another form on the second. 
To this the term “ heterceoism ” is applied. Heteroecious fungi ooour 
chiefly amongst the rusts, the only other known instance being the 
Ascomyoete, Sclerotinia heteroica, a parasite whioh has not been found 
in India. 

The best known case of heterceoism occurs in the black rust of wheat, 
Puccmia graminis. This destructive parasite passes the first ‘part of ita 
life on oertain barberries, the second on wheat and other grasses. In the 
western Himalaya (as near Simla) the barberry rust is not uncommon, 
producing spermagonia and eecidia on round patches, on the leaves, 
bright red above and paler below. The same fungus is known on barber- 
ries in many parts of the worlds It never progresses (on barberry) 
beyond the eeoidial Btage, and as the eeoidiospores have been proved 
incapable of infecting this host, there is evidently something missing in its 
life-history. This gap was filled up when it was discovered that the spores 
were oapable of infecting wheat and other grasses, and on these hosts 
caused the long-known blaok ruBt. The spores sown on wheat produced 
after a while a crop of uredospores, followed later on by the teleutospores. 
The latter were germinated and the resulting sporidia were shown to be 
unable to attack wheat, but to infect barberry leaves readily, giving rise 
to the spermagonia, and eecidia of the barberry rust. The oyole is there- 
fore complete ; two of the spore forms are borne oq the barberry ; two 
on the wheat or other grass ; and one— the sporidia — is developed at the 
expense of the reserve food stores in the teleutospore. 

In Sclerotinia heteroica the cycle is somewhat simpler. On one host. 
Ledum paluetre, sclerotia are found in the fruit and develop, after 
a period of rest, into the apotheoia of the ascigerous stage. The asoospor^, 
however, cannot infect Ledum. tailor their further development, must 
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reach the young shoots of a different plant, V actinium uUginosum. 
These they attaok and produoe a oonidial form, very different from the 
asoigerous Btage. The oonidia again are unable to infect the host on 
which they develop, but if sown on the stigma of Ledum flowers, germi- 
nate, pass down to the ovary, and reproduce the solerotia from which we 
started. There are only two spore forms, each on a different host, 

Heteroecism in the rusts always follows a regular Bequenoe ; the 
secidial stage is passed on the one host and the uredo-teleuto (or some- 
times the teleuto only) on the other. It is probable that originally the 
parasite lived its whole life on one plant and later took to the habit of 
Bpending part of its life on a second. How this arose is, however, 
obscure. 

If the heteroecious fungi were always obliged to go through their 
whole cycle of development, it is clear that they could only continue to 
exist so long as both host plants were available ; it would then be possible 
to eliminate black rust of wheat, for instance, by destroying the barberry. 
Unfortunately this is not the case, for it has been found that the alterna- 
tion of hosts is by no means essential to the life of the fungus. Black 
rust can persist in the uredo-teleuto stage for an app^ently indefinite 
time. It has been prevalent in Australia for at least 90 years, though 
the secidial stage has never been found, and there are no barberries ; while 
in India the SBcidial stage, found only in the Himalaya, cannot be con- 
nected with the common black rust of the Central Provinces wheat. 
Hence the significance, if any, of heteroecism remains unknown. 

Outside the fungi, this peculiar habit of changing hosts is of still 
greater interest, owing to its connection with certain human diseases. 
Malaria, for instance, is due to a heteroecious animal parasite whioh 
passes one stage of its life in some mosquitoes and another in man. 

Specialisation of parasitism. 

Amongst those fungi whioh are capable of attacking several different 
speoies of plants, many have developed into distinct races, eaoh of whioh, 
though outwardly similar to the others, is restricted to one, or a few only, 
of the host plants. A single species of fungus, such as Puctinia grammis , 
may include a number of these races, all quite similar in structure and 
not to be distinguished from one another in any other way than by their 
oapaoity for living on certain hosts. The difference between them is 
physiological not botanical, so that there may be several “ physiological ** 
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or " biological ” species within the one botanical species. To this 
splitting of a parasite into specialised races, on different host plants, the 
term “ specialisation bf parasitism ” is applied. 

Every degree of transition may be found between those parasites 
which freely infect all their hosts (as Pythium de Baryamtm), through 
those which attack other hosts less readily than the one from whioh they 
are taken (Rhizootonia), to those that are narrowly specialised on a single 
host ( Erysiphe Polygoni ,on Trifolium pratense). Evidently the adapta- 
bility of the parasites to'their hosts varies greatly in different fungi and 
is sometimes exceedingly close. Whole genera of fungi are known that 
are confined to a single natural order of plants, as the Phragmidium rusts 
are to the RosaceeB. Still more frequently, a single speoies of fungus is 
restricted to a single species of host (as the oastor rust), or to a single 
genus (as the cotton rust), or to a greater or lesser number of allied genera 
(as the potato blight fungus). There is nothing surprising, therefore, in 
finding a tendency amongst those fungi that attack many hosts to split 
into races, each specially adapted to life on a single one or a few of them. 
The splitting has even sometimes gone further, and within a single genus 
(or even species) of host plants there may be several specialised races, 
four or five being known in the brome grass mildew. 

Specialisation of parasitism is strongly marked in many rusts and 
mildews (Erysiphacese). It is also found in the Chytridiacese, Proto- 
myces, Exoascaceee, Claviceps, and Rhizootonia/ In the Peronosporaoea> 
it occurs, but not very strongly marked, in Cystopus oandidus , and 
is probable in Sclerospora graminicola. A few smuts are said to have 
specialised races ( Vstilago violacea). In the common bean anthrao- 
noBe {Olomerella Lindemuthianum) there is evidence of distinct races 
occurring on different varieties of Phaseolus vulgaris , but the allied 
Glomerella dngulata shows little sign of specialisation. Epiohloe and 
Sclerotima are amongst the other Asoomyoetes believed to have this 
character and probably many more will be added in future. It Is clear 
that the relative immunity to the attaok of certain parasites, displayed 
by some of the varieties and races of cultivated plants, is often only a 
oonsequenoe.of specialisation in the parasite and this aspect of the matter 
will be returned to later on. 

Specialisation has been very fully investigated in the rusts and 
mildew of the commoner cereals. Wheat, barley, and oats have each 
their distinct races of rust and mildew. The black rust of wheat will not 
attaok oats in India but sometimes passes to barley. That from barley 
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infects neither wheat nor oats. On oats, black rust has not hitherto been 
seen in India, but in other countries it rarely passes to wheat or barley. 
In Europe, the black rust of wheat may attack oats direotly, and in the 
United States will do so sometimes, if grown' first on barley. Hence the 
specialisation of a given parasite may vary in different localities, several 
suoh oases being known. 

The oereal mildew ( Erysiphe grammis) has still more strongly spe- 
cialised races. The form on wheat will ordinarily only infect speoies of 
Tritioum* ; that on barley, species of Hordeum*; and that on oats, species 
of Avena. Not all the species are equally attacked, however, as some 
species of Hordeum resist barley mildew. Even within a single species, the 
varetieB may differ in their resistance, as in emmer wheat ( Triticum 
diooccum), in which, of 5 varieties tested in one oase, 2 were quite sus- 
ceptible, 2 resistant, and 1 immune. Emmer behaves in much the same 
way with regard to rust. 

As a general rule, the infective powers of a specialised race are 
identical in all its spore forms. Thus, in black rust, the seoidial form on 
the barberry has the same specialisation as the uredo-teleuto, its spores 
being only able to infect the same host plants as bear the teleutospores 
from which it originated. An eecidium derived from infection by spondia 
of oat rust will not serve to transmit the rust to wheat or barley. In 
Erysiphe graminis also, the oonidia and asoospores have exactly the same 
powers, and this is true likewise for the five races known in Clawceps 
1 purpurea (ergot). The rule is not, however, absolute, for some varieties 
of asparagus which resist attack by the uredo stage of the asparagus 
rust, succumb to the aecidioBpores. 

Specialisation is a character whioh can be considerably modified by 
changes affecting either the host or the parasite. In its origin at least, 
it was clearly an “ adaptive ” character, and as suoh has preserved a 
certain measure of plasticity. Amongst the ohanges in the host whioh 
alter its resistance to a raoe of the parasite to which it is normally immune, 
are several that seem to act by lowering the vitality of its oells. Thus, 
barley leaves can be rendered liable to attaok by Erysiphe granwnis from 
wheat in several ways. Touching them with a hot knife makes the spot 
touched susceptible. Cutting off some of the cells (and thus injuring 
the adjoining ones) has the same effect. Exposing the leaf to the 


* There is am exception to this in th^graas knoWn Sa Sordtwn sitoaiicum, young 
plants of whioh are attacked by the wheat mildew while rteietant to that from barley. 
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vapour of ether, chloroform, or alcohol makes it liable to attaok in 
any part. Since the fungus is a true parasite, incapable of growing on 
dead matter, it is necessary to graduate the injuries so as to lower vitality 
without actually killing the cells. Such injuries are not uncommon in 
nature, where they produce just the same effect. For instance, a leaf 
partly eaten by slugs becomes susceptible near the edges of the bitten 
places. Frost, hail, and the like may act in the same way, and &1bo 
apparently green-fly and other insects that suck the juices of the plant. 
Even the agricultural operation of rolling the crop may destroy the 
resistance of the bruised leaves. High fertilisation has also been found 
to increase the susceptibility of cereals to raoeB of black rust to whioh 
they are normally semi-immune, aB wheat and rye to the raoe on oats. 

In all these cases, the immunity of the host is modified without the 
parasite becoming altered in any way. The spores borne on the injured 
parts remain incapable of infecting the sound tissues in the neighbourhood. 
It haB not hitherto been found possible to " educate ” a true parasite by 
any artificial method into attacking the perfectly sound tissues of a hoBt 
that is normally quite immune to it, in the same way that, as already 
seen (p. 43), saprophytes may sometimes be trained into the parasitic 
life. Nevertheless, it is known that the virulence of those more weakly 
specialised parasites that can attack several hosts, but some less readily 
than others, can be modified by being confined to one host for a number 
of generations. ThuB, einkom wheat is relatively resistant to black rust, 
that is to say it becomes infected, but the attack is very mild. If, however, 
the fungus is kept growing on einkom for a number of generations, it 
gradually increases in virulence until fairly severe attacks may be obtained. 
In the same way, Rhizootonia from carrot can grow on beet, and after a 
few generations on the latter hoBt becomes distinctly more virulent and 
has a greater disorganising action than at first. Furthermore, there is 
at least one circumstance in nature whioh is capable of bo modifying the 
internal disposition of a true parasite as to render it capable of attacking 
a host normally quite immune to it ; this is growth for a time on some 
third species of host plant. It has already been mentioned that, in the 
United States, black rust of wheat will sometimes infect oats, if first grown 
on parley (on whioh it is habitually capable of growth), though direct 
infection of oats from wheat does not normally oocur. The term “ bridg- 
ing species ” is applied to the barley in this case. Very few instances are 
known of the occurrence of bridging species, Rust and mildew on broipe 
grass have them, so has Slack rust on wheat, and there are one or two 
-other cases. Perhaps the moat interesting recorded is that with blaok 
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rust, in which the hybrid produced by crossing an immune with a suscep- 
tible variety of wheat served as a bridge to the immune parent. The first 
generation of the oross was very badly infected, and spores from it readily 
attacked the previously immune parent. 

It appears that two or more distinct physiological species may live 
on the one host plant. This occurs in black rust in the United States and 
possibly also in bean anthracnose. Whether the difference in the 
specialisation of a parasite in different localities is due to the presence 
of quite separate races in the two areas, does not seem to have been 
tested experimentally, but it is an obviouB possibility. 

Infection. 

In order to obtain their food, parasites have to establish a close 
connection with their host plants ; as a rule, this implies that they have 
to enter into the tissues or to send haustoria into the surface cells, but in 
the pure ectophytes close union with the outer surface, with possibly 
some chemical alteration of the membrane, seems to be sufficient. To 
this establishment of parasitic relations the term “ infection ” is applied. 
In some cases, two distinct stages may be recognised, a dftage of " pene- 
tration ” preceding the stage of infection proper. This has been 
observed in some endophytes that enter by the stomata (as the rusts), 
in a few subcuticular parasites (Venturia), and in some haustorial 
eetophytes ( Erysvphe graminis ) ; and in such cases penetration is not 
necessarily followed by the establishment of the parasitic life. 

Penetration may take place in uninjured green parts through the 
stomata, or by direct passage through the outer wall of the epidermis. 
In woody or y corky parts, it may occur through the air passages of the 
lentioels, through cracks in the bark, or directly through the cell walls. 

Entry appears to be induced by certain physical and chemical 
conditions of the host or of the environment. In the rusts, it is said to 
be probably due to the greater moisture of the air in the cavity of the 
stomata (“ hydrotropism ”), or sometimes to growth away from light 
(“ negative phototropism ”). In other cases, chemical attraction 
(“ ohemotropism ”) has been said to be the cause. It has been stated 
that oertain ohemioal substances exercise an attractive influence on the 
tips of germ^tubes and hyph®. These include bodies containing nitrogen, 
phosphates (meat extract), and oarbohydrates (sugar), allies of which are 
normally found in the cells of plants. Acids, alkalis, and oertain salts, 
on the other hand, repel the hyph®. Hyph® of non-parasitio fungi have 
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been induced to penetrate living plants injected with meat extract or 
sugar (PenidUium glaucum), and parasites to enter hosts on which 
normally they oannot grow, when injected with an attractive substance 
such as an extract of the leaves of the normal host (wheat rust on Trades- 
oantia). Other observers have failed to confirm these results, so that it 
is doubtful what part, if any, ohemotropism plays in infection. It has 
not been shown, also, in most of these oases, that the fungus oan 
continue to grow as a parasite inside its new host. Indeed, in the rusts, 
it has been found that the germ-tubes of the uredospores will enter the 
stomata of wrong hosts readily enough, but soon die, except when sown 
on hosts on which they are normally found ; the first stage, that 
of penetration, is alone secured, but true infection is not obtained. 


The most primitive group of pcvrasitic fungi is the ChytridiaoeeB. In 
these, the zoospore comes 
to rest on the surface of 
its host, surrounds itself 
with a wall and then, 
after a short period of 
rest, puts out an extra- 
ordinarily slender tubular 
process (often not a 
micron* in diameter) 
which penetrates through 
the cell wall into the 
interior of the host cell 
(Fig. 17, 1). Through 
this tube, the oontents of 
the spore pass, leaving 
the empty spore-shell be- 
hind. In a few oases (the 
parasite of “ brfilure ” 
of flax and that of warty 
disease of potatoes) the 
whole spore is said to make its way bodily through the cell wall, 
as also oocurs in some myxomyoetous parasites. 

The zoospores of several Peronosporaoe© and the sporidia of the 
rusts behave in a similar manner to the Chytridiaoe®, except that the 



S, conidium of Exobaaidium vexana infecting leal 
of tea through stoma, X 400 ; 4, hyphm or germ- 
tubes of Oolletotriohum / etloaium infecting root of 
sugarcane, X 250. 


* The Micron (/*) is the unit of mioroacopioal measurement. It is the one- 
thousandth part of a millimeter or the one tweaty-flve-thouaandth part of an inch. 
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tube of entry is larger and may sometimes grow as a germ-tube for a 
little distanoe on the surf aoe of the host, before penetrating the wall. 
In these oases, the parasite is not usually found in the interior of any 
oell but that by whioh it has entered the host, the subsequent life 
being intercellular as a rule, except dor haustoria (Fig. 17, 2). 

In other oases, a superficial mycelium of greater or leBser extent 
may be formed before penetration ooours. In Leptosphcsria Tritwi, for 
instance, the germ-tube branches and each of the hyphee may penetrate 
by its extremity directly into a cell of the host. In “ pink disease ” of 
rubber also, the myoelium is at first entirely superficial and penetration 
only ooours later. 

Occasionally ( Ustilago Zew on maize), the germ-tubes (promyoelia) 
from the primary spores of smuts do not seem capable of infecting, only 
the sporidia borne on them being able to give a parasitic germ-tube. 
The promyoelia of the rusts seem also to be ordinarily saprophytic, but 
their sporidia are capable of causing infection. 

In some cases (even in such a definite parasite as oat smut) penetra- 
tion of perfectly sound external oells does not ooour. TUte cells must be 
languishing or moribund before they can be penetrated. In oat smut, the 
mycelium becomes intercellular during the subsequent growth in sound 
tissues. There are many cases where penetration is assisted by weakening 
of the epidermal barrier, though once this is crossed, growth into healthy 
tissues may ooour freely. A few parasites of leaves and fruit are assisted 
in. their penetration by the presence of foreign matter on the surface. 
Botrytis cinerea has been found to attack sound leaves of dahlia and 
pelargonium on which fallen flowers weie decomposing, and Monilia 
fmctigena sound fruit soiled by juice from other fruit. 

Penetration through the stomata ooours in the eecidiospores and 
uredospores of rusts (Fig. 102, 4-5), in some Phyoorayoetes (e.p., Cyslopus 
candidus) and Basidiomyoetes ( e.g Exobasidium vexans (Fig. 17, 3), 
and in many Asoomyoetes and imperfect fungi (Fig. 141). Sometimes 
penetration may be both through stomata and directly into epidermal 
oells (Peronospora parasitica). After entry into the sub-stomatal space, 
the hypha may swell up into a vesicle, from whioh one or more branches 
arise and grow towards a neighbouring oell into whioh a haustorium is 
sent ; infection is not complete until this occurs (rusts, Plasmopara 
vtiicola). In other oases, the infectioh hypha proceeds directly 
to invade the deeper tissues, branching as it goes and passing either 
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between the cells or through them (banded selerotial disease of 
sugarcane). 

The penetration of woody or corky parts is most frequently effected 
through breaks in the bark, whether due to the formation of lentioels, or 
to wounds, or natural craoldng of the outer layers. Entry through 
lentioels has been reported in the European oanker fungus, Nectria 
gattigena, though this is usually a wound parasite, and in Rhizodonia 
destruens on potato tubers in India. Potato tubers can be infected by 
Phytophthora through the eyes, lentioels, or wounds. The red rust of tea 
enters through oraoks in the bark, and the susceptible period is usually 
confined to the time during whioh the twigs are oovered with scaly bark. 
The majority of the parasites of woody parts, however, enter through 
wounds or injuries to the outer oell layers. Most of the stem parasites 
of trees infect through wounds, especially those due to the breaking of 
branohes or the action of insects. In the mulberry disease in Kashmir, 
caused by Goryneum Mori, the entry is both through wounds formed by 
breaking off the branohes, and at points injured by frost and snow, near 
ground level and in the forks of the branohes. Nectria cinmbarma is 
baid to attack the mulberry in Europe through buds injured by frost. 
In these cases, the hyphee grow into the dead cells near the surface, and 
from them extend into the sound tissues further in. 

In some oases, stem parasites can enter through dead branches, as 
in the “ die back ” disease of rubber, where entry haB been observed to 
occur through the lower branohes that die naturally as the tree grows, 
and also through branohes infected with Glceosporium, or Phytophthora, 
or with pink disease. In many of the parasites that enter through 
injured or dead parts, the fungae begins as a saprophyte, and only 
becomes parasitic after having aooumulated a oertain amount of energy 
by feeding on dead cells. 

Infeotion of roots may be by direct boring through the uninjured 
epidermal or cortical cells (CoUetotrichum falcatum (Pig. 17 , 4), Pusarium 
wilts) or through wounds or oraoks in the bark ( Thyridaria tarda , Fomes 
annosus). Usually, the first type occurs in young roots, the second in 
older ones. Sometimes ( Ustulina zonata), a fungus can penetrate the 
sound roots of seedlings, but on older plants enters through wounds. 
This is doubtless due to the protection given by the corky outer oells of 
the older roots. 

ha some of the above oases, infection is oaused directly from the spore, 
the gem-tube of whioh enters before the reserve food supply, which it 
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obtains from the stores accumulated in the spore, has been exhausted. 
In others, a mycelium of greater or lesB extent is first formed. Indeed, in 
some oases (some Khizootonias and other solerotial forms), spores are not 
known, and the whole life-history seems normally to be passed in the 
mycelial condition. There is no essential difference in the process in 
the two oases, though it appears probable that the enzymic activity, to 
which penetration is often due, is greater in the young germ-tube than 
in the older mycelium ( Botrytis cmerea). 

Many parasites can only infect through definite parts of the host 
plant, though the subsequent growth may be diffused, and spore-produo- 
tion may occur at a distance from the point of entry. In oat smut,, for 
instance, infection occurs through the mesoootyl of the germinating seed, 
but the spores are formed some months later in the ears. In the loose 
smuts of wheat and barley, and in some Solerotinias, infection occurs 
through the stigma of the flower ; in ergot, through the young ovary ; in 
maize, through any young dividing tissues, and so on. In the Chytri- 
diaoece, localisation is sometimes very strongly marked. Some enter and 
oomplete their development in a single hair, whether of the leaf 
( Synchytrium trichophilum) or of the root (Asterocystj# radids) , this 
latter is further limited to the short growth -region of the root. Age of 
the tissues is often an important factor, penetration being only possible 
in many oases through young parts (sporidia of rusts) ; but the different 
spore forms of a fungus do not necessarily agree in their infective powers 
(the seoidiospores and uredospores of the rusts can penetrate mature 
leaves). The thickness and composition of the outer oell walls is 
the essential feature in some of these cases, and in many plants there 
are permanent weak spotB in the defences, as at the nodes in sugarcane 
and just above the nodes in rice. 

In a few cases, parasites are known which only grow on the abnormal 
tissues produced by oertain gall-forming insects or mites ( Sphcerotheoa 
phytopto'phila on mite galls of Celtis). It is not oertain, however, 
whether this is due to entry being possible only in such localities, or to 
the subsequent parasitic life of the mycelium being checked when 
penetration takes place elsewhere. 

Prior to penetration) some parasites form special organs to which the 
name " appreseoria ” has been given. The precise functions of these 
organs are not known, but they are probably concerned with an accu- 
mulation of enzymic energy. They are most commonly found in the 
mildews, rusts and anthraenoees, but occur also in a few other oases* 
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In the^mildewB, they are simple or lobed outgrowths, usually from the 
side of a hypha, formed in close contact with the surface on whioh 
it is growing (Fig. 18, 1). In those speoies in whioh they occur, the 
haustoria arise only from 


them or from the hypha 
at the point where they 
originate. In Erysvphe 
Polygoni , and probably 
in all the others, they 
will foim in contact with 
any hard substance, but 
only give out an infec- 
tion tube when on the 
epidermis of the host 
plant. In the rusts, they 
are less specialised, being 
simple swellings on the 
tips of the germ-tubes, 
which develop as soon as 
the mouth of a stoma is 
leached (Fig. 18,2-4). An 
infection tube arises from 
the lower side, passes 
through the opening of 
the stoma, and swells up 
below into a vesicle into 
whioh all the contents of 
the germ-tube pass. 
From this vesicle, the true 
infection hyphee arise. 



FlO. 18. Apprefluoria : 7, of Erysiphe Polygoni, with 
haustoria, * 300 ; 2, of Undo eohinulatut , x 126 ; 
3, of uredo stage of Puooinia disporaa • 4, substo- 
matal vesicle and infection hypha of Puooinia 
friticina (uredo) ; 6, appressoria of Colletotrichum 
faloatum on hyphee of the mycelium, X 260 ; G, 
appressoria of Colletotrichum faloatum on germ- 
tnbes of tho conidia, one has germinated, X 260 ; 
7, infection of sugarcane leaf by a hypha from one 
of the same, X 260. (/ after de Bary, 3—4 after 
Pole Evans) 


Appressorial formation is not a necessary preliminary to infection (as 
they sometimes fail to form on the penetrating germ-tubes of the 
uredospores of Hemileia veutatrix ) ; and they may be produced and 
give an entry tube on wrong hosts. In the anthraonoses, they are still 
less specialised, as they act also as ohlamydospores, being able to give 
out a germ-tube and form a new myoelium even when not on the living 
plant (Fig. 18, 5-7). Contact with a hard substance is also not 


necessary (though it stimulates their production) for they may be found in 
quantities throughout orowded or old cultures. In all these oases, the 


appressoria are unicellular, but multicellular appressoria are also known 
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(G&rot&pora vagina on sugarcane). In some oases, the appreseorium 
has a further function as an organ of adhesion to the surface (Solerotinia, 
Venturis). 

The conditions influencing infection are numerous and involved. 
In the first place, there are those which enable the parasite to reach its 
host. They have been discussed in the seotion on dissenfination (p- 32) 
and it only remains to add that the chances in favour of the fungus 
finding its billet may be greatly modified according to the system of 
cultivation adopted in particular crops. It is obvious that they are 
greatly increased when large areas are continuously covered with the 
same crop, as in tea gardens, vineyards, and the like. Not only iB the 
host easily accessible, but the quantity of infective material is increased. 
It has been calculated that vine mildew spores may fall at the rate of 
2,000 per square inch in 24 hours, in badly infected areas in France. 
Thread blight in tea would be of trifling importance if the bushes were 
isolated. 

Then there are factors influencing the germination of the spores, 
and others which affect the receptivity of the host. 

Moisture is probably the most important condition which controls 
the germination of the sporeB. Most spores require moist air for their 
germination and some must have free liquid, as rain drops or dew films 
(many Phycomycetes). The spores of the common scab fungi of apples 
and pears (Venturis) will not germinate unless completely immersed in 
water. It is a matter of simple observation to note how much more 
frequent are, for example, leaf-spotting fungi in the moister parts of 
India than in the dry north-west, and in dense jungle than in open fields. 
On some coffee estates it iB possible to predict where koleroga will be 
severe by noting where the mist hangs in the monsoon months. Pink 
disease often begins in the forks of rubber trees, because of the accumu- 
lation of water there. Soil moisture influences notably the germination 
of such spores as those of the smuts that are shed in the ground, and this 
may have an important bearing on their persistence from season to season 
(flag smut of wheat). Complete immersion of the spores may check 
infection in some oases ; the sporidia of rusts are not formed so long as the 
promyoehum is wholly immersed, while the appressoria of Hemileia 
va8tatrix usually only appear as the eurfaoe of the coffee leaf dries up. 
Prolonged or exoessive moisture will also check the infection of clover 
leaves by asoosporei of ScUrotinia Trifotiortom ; the appressoria are not 
formed if a film of liquid prevents dose contact with the leaf surface. 
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and the enzyme necessary for penetration is possibly not produced when 
the germ-tube is stimulated to too vigorous growth by the presence of 
plenty of water, or, if formed, may become too diluted in the liquid. 
Alternate damp and dry periods are best in these oases. , A preliminary 
drying of the spores is sometimes an advantage (uredospores) ; this may 
act by maturing the spores, sb it is probable that water is lost during the 
prooess of ripening. Freezing, another way of drying out superfluous 
water, has the same effect. 

Temperature is often but little less important. There is an optimum 
temperature, at which germination is most free ; and maximum and 
minimum temperatures, above and below whioh germination fails. The 
potato blight fungus will not develop in the hot weather in India ; its 
optimum for spore germination is about 50° to 55°F., and at this temper- 
ature infection occurs most readily, not because the host plant is more 
susceptible, but merely because the Bpores germinate with greater rapidity 
and more abundantly than at higher or lower temperatures. In a number 
of cases, chilling the spores increases germination (oonidia of Erysiphaoe®, 
uredospores of some rusts, smut spores, sporangia of several Phyoomy- 
cetes). Artificial infections carried out with Cystopus candidus gave 
95 per cent, of successes when the spores were ohilled to about 50°F. 
(the optimum for germination), while at temperatures near 75°F. few 
succeeded. In this fungus, the maximum for germination seems to be 
about 77°F. and the minimum near freezing point. On the other hand 
several common moulds (Aspergillus) have their optimum in the neigh- 
bourhood of 90°F., bunt of wheat above 60°F., and bo on. In several 
Phyoomycetes, it has been observed that infection takes place most 
icadily in the early morning, when not only is the temperature at its 
lowest, but films of dew are freely deposited. 

Light sometimes has a considerable effect. Cultures of Phytoph - 
thora parasitica kept in the dark tend to remain sterile, and darkened 
sporangia fail to form zoospores. This does not ooour in the allied 
Phytophtkora ColocasicB. The uredospores of rusts may fail to infect 
plants in darkness. In Hemileia vastatrix, germination is best after a 
short exposure to strong light, but a long exposure hinders it. Only the 
blue end of the spectrum is effective in this case, the red being inert. 
An exposure of previously darkened spores for 30 minutes to the blue 
rays gave 27 to 36 per cent, germination, while if exposed ior an - 
hour only 3 to 6 per cent, germinated, and if unlighted 0 to 17 tier 
cent* 
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Of the faotors influencing the receptivity of the host, age, the condi- 
tion of the outer walls, and the nature of the cell contents, are amongst 
the most important. In young parts, the cutiole is usually less resistant, 
but, on the other hand, very young parts may be thickly clothed with 
hairs, or have a continuous epidermis which later disappears. Several 
parasites that penetrate only through young parts have already been 
mentioned. In black rot of the vine, however, the very young leaves 
escape, no doubt in part owing to their dense covering of hairs ; the Bame 
is probably the reason why the hairy lower surface of apple leaves is 
seldom attacked by Venturia incequalis, the most serious parasite of the 
crop in Kashmir. Young beet leavfes, too, are ordinarily immune to leaf 
spot ( Cercospora beticola) because their stomata do not open sufficiently 
to allow the germ-tubes to penetrate. The intact epidermis of young 
shoots of tea is not usually penetrated by the red rust alga, but entry 
occurs when the early formation of bark causes the surface to crack. 
The actual thickness of the cuticle may be modified, even in adult parts, 
by shade and humidity, and also often differs according to the variety 
of the host. Germ-tubes that penetrate through the cuticle (as the 
sporidia of the rusts) have less difficulty in crossing the thjn walls found 
in densely shaded or overcrowded plants, while the higher humidity of the 
air under these conditions also assists germination. In the same way, 
the thin cuticle of certain varieties of grapes and apples makes them 
more susceptible to the attaoks of Botrytis and Venturia. The waxy 
covering of some leaves and fruit, which varies in different varieties, 
may also play a similar part (white rot of grapes) ; or may act 
merely by preventing wetting of the leaves and allowing the spores to 
be easily washed off (barley rust). In stems and roots, the formation 
and thickness of the corky layer often influences penetration (Rosellnna, 
Ustulina). In Venturia pirina and Corticium salmonicolor , the Bhaded 
Bide of branches, where cork- formation is late and the cuticle thin, is 
most affected. The tough rind of the sugarcane is impenetrable by the 
hyphse of CoUetotrichum falcatum, though infection through the eyes and 
dormant adventitious roots at the nodes occurs readily. All these 
barriers may naturally be removed by wounds, and the large group of 
wound parasites are dependent on this removal for their infection. 
Finally, those parasites that enter by stomata are restricted to areas 
provided with these organs, as, for instance, Hemileia vastatrix to the 
under surface of coffee leaves. 

Of the factors depending on the nature Of the cell contents which 
influence the receptivity of the host, it is difficult to separate those that 
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affect penetration, from those that ageist or hinder the establishment of 
the parasitic life ; this will be referred to again under “ Predisposition 
and Immunity ” (p. 121). It has already been mentioned that rusts can 
penetrate unsuitable hosts but soon die, while Eryaiphe grammia from 
wheat will form haustoria on barley, but these again degenerate in a few 
days. Even where a high peroentage of successful infections is obtained, 
.the host may be seen to be uncongenial by the slow subsequent develop- 
ment and lesser production of spores (cereal black rust on resistant 
varieties of the host). Many of the numerous “ physiological ” factors 
which have been observed to increase susceptibility to attaok, probably 
act rather by assisting subsequent development than by making penetra- 
tion easier. In others, even this action is absent and the increased damage 
is due to weakness of the host, and not to greater susceptibility to the 
parasite. Thus it has been observed that heavy bearing increases the 
damage to coffee from leaf disease, and heavy pluoking that to tea from 
grey blight, though the fungi that cause these diseases are probably not 
influenced in their penetration or subsequent growth by any such condi- 
tions. Indeed it is well known that coffee leaf disease appeared first on 
some of the best coffee in Ceylon, and that it may take a number of years 
for it to weaken the bush seriously. It has been established in this case 
that infection and growth occur better on strong leaves, rich in nutriment, 
than on those with less food supply, but whereas impoverished plants 
soon show the effect of the drain on their scanty resources, vigorously 
growing bushes hide their losses, until repeated attacks turn the balance 
against them. 

In any case, we should distinguish between infection and the subse- 
quent growth of the parasite, and this is often difficult, or at least exact 
observations are scanty. It is known in some oases that artificial inocu- 
lation fails unless the host plant is healthy ( Gystopus candidus, Erysiphe 
Cickoracearum), in others unless the host plant is feeble (weak parasites 
such as Cladosporium herbarum ) ; but whether this is due to some innate 
(physiological) condition of predisposition (see below, p. 120), which 
helps the parasite to live and grow in its new surroundings, or to actual 
penetration being facilitated is, in most oases, obscure. 

At the same time, if the experiments mentioned above (p. 64), 
on the influence of oertain substances in attracting or repelling the 
tips of the hyphee, are of general application, it is probable that actual 
penetration, aB distinct from subsequent true infeotion, may be influenced 
by conditions that alter the nature of the cell sap, suoh as nutritional 
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changes, manuring and the like. It is better, however, to defer the 
further consideration of these factors to the section on “ Predisposition 
and Immunity/' 

Growth and reproduction of parasites. 

The subsequent giowth after infection does not offer any special 
points of interest, other than those oonoerned with the arrangements for 
ooming into contact with, and absorbing the food, already discussed, and 
those which result from the alterations in, and reaction of the hoBt plant, 
which will be separately dealt with.. The reproduction also haB no 
special features beyond those already described. 



CHAPTER IV. 

THE CAUSATION OF DISEASE BY FUNGI.. 

Disease in plants may be defined as variation from normal physio- 
logical activity, which is sufficiently permanent or extensive to oheok 
the performance of the plant’s natural functions or the completion of its 
development. In health, a plant is in what might be described as a 
condition of equilibrium, that is to say, all its internal functions and 
processes are graded to suit a particular set of external conditions. Its 
roots take up the right amount of water to keep the tissues well 
supplied, and this water contains the right amount of mineral food 
dissolved in it ; its leaves manufacture, with the aid of the sun, enough 
starch to supply its requirements, and so on. 

Anything that causes a plant to depart permanently or seriously 
from this condition of equilibrium produces disease. Thus if the roots 
are in soil so dry that they cannot obtain enough water, the leaves wither 
and the whole plant eventually dies ; while if the plant be kept in the 
dark, it cannot form enough chlorophyll and starch, and becomes drawn, 
bleached, and feeble. 

The attack of a parasitic fungus may produce similar effects. A 
plant may be growing in soil sufficiently moist to supply its water require- 
ments, but the attack of a parasite may kill the root cells, or plug the 
water-oarrying vessels. The result is a “ wilt disease,” the plant wither- 
ing just as in a prolonged drought. Or a fungus may attack the leaves 
and destroy so many of the Btaroh-manufaoturing cells that there is not 
enough left to enaole it to oomplete its development, and it remains 
stunted and unable to mature its fruit. These are only two of the many 
ways in which a fungUB may injure the health of a plant : some manu- 
facture poisons which kill the cells ; others consume the food Which should 
go to feed the plant ; others prevent it forming its seeds by destroying the 
flower or fruit ; others set up rotting of some vital part such as the base 
of the stem, so that the above-ground part collapses or is out off from 
the roots* No part of the plant is secure from attack, and there is scarcely 
one of its functions that cannot be injuriously affected. 
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Many parasitic fungi are local in their attacks. Some are found only 
on leaves, some on stems, others on roots ; these are instances of local- 
isation on particular parts or organs of the host. There may be other 
kinds of localisation, as when each point of infection leads only to a small 
patch of disease but the patohes occur scattered over the plant (as cereal 
rusts on all the green parts). Again there may be localisation to parti- 
cular tissues, though any part of the plant which contains such tissue 
may be infected (e.g., maize smut on any embryonio tissue). 

Other parasites are general and may spread through all, or a great 
part of the plant (e.g., Phytophthora infestans). 

Even the local parasites may cause death, either by attacking a vital 
part or by multiple injury. The bud rot of palms in India is confined 
to the crown of the tree, but is usually fatal since it ultimately reaches 
and kills the single growing point at the top of the axis. Groundnuts 
may be killed by Cercospora personata, owing to the excessive loss of 
leaf caused by this fungus. General parasites are very often rapidly 
fatal owing to their power of causing very extensive injury in a short 
time. 

It often happens, particularly with local attacks, That the injury 
caused to the general health of the plant is slight. There is naturally 
every gradation between, say, a leaf- spotting fungus which causes a 
minute spot here and there on the leaves but has no appreciable effect 
on the health of the plant, and such a fulminant attack as that of Pythium 
de Baryanum or Phytophthora infestans, which may bring down the 
whole plant, in twenty-four hours, in a rotting mass. 

The injurious effect of a parasitic attack may be long delayed. The 
remarkable case of the cereal smuts, where the fungus grows up from 
the seed within its host plant, but causes no apparent injury until the 
cars begin to form, lias already been referred to. In other cases, the 
damage from the first attack is slight, but the action is cumulative and 
the plant may ultimately .succumb to repeated attacks. This is parti- 
cularly the case with certain parasites that infect loaves or young twigs. 
The plant can often resist the loss of a certain number of leaves and 
twigs, replacing them by the development of others. When these in 
turn are attaoked before they have had time to restore the normal equi- 
librium of the host and replenish the food reserves drawn on in their 
production, the net result is a slight reduction in the resisting powers 
of the host. Recuperation becomes a little more difficult each time, and 
may ultimately fail and the plant dies. This succession of events can 
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be observed in perennial orops, snob as tea or ooffee attacked with red 
rust or leaf disease. It is also -very evident in the common “ wither-tip ” 
of orange trees in India. 

Up to the middle of the last century there were still botanists of 
repute who maintained that parasitic fungi were only products of 
diseased tissues and not independent organisms ; they were regarded as 
effects and not causes of disease. In the next twenty years, however, 
it was clearly established that these parasites were separate*plants, and 
that by applying their spores to perfectly sound individuals of their 
hosts, disease could be artificially produced. Later, it was found that 
many of the parasites could be cultivated separately on prepared food, 
and a ready and convenient method of proving that they oaused specific 
diseases beoame available. With certain precautions to avoid contami- 
nation, it is possible to grow many parasites on various organic juices, 
soups, jelly, and the like, in closed flasks or other vessels. A “ pure 
culture ” may be obtained, consisting of only a single organism, and by 
inoculating a healthy plant with a part of the growth, the disease which 
the parasite is capable of causing can be reproduced. Where the parasite 
has not been cultivated independently on artificially prepared substanoes 
(as in " true parasites ” like the rusts), the disease has been shown to be 
produced when one or a few spores are sown on the host plant. The 
majority of our commoner crop diseases have thus been successfully 
reproduced by artificial inoculation. 

In the study of any disease, it 'is necessary to determine its nature 
(“ Diagnosis ”), to study its cause (“ .Etiology ”), its effects on the 
tissues or structure of the host (“ Morbid Anatomy ’*), in order to devise 
rational measures for its treatment (“ Therapeutics ”). 

Diagnosis: Symptoms. 

The diagnosis of a disease means the discovery of its identity or 
nature. Symptoms are the outward signs by which a diagnosis is 
assisted. 

When plants are seen withering in the fields in time of drought, 
past experience tells us that this is due to want of water at the roots. 
But exactly the same kind of withering is common in many parts of India 
in fields of pigeon pea or ootton, even when there is plenty of moisture 
in the soil. Experiments have proved that these oases are oaused by 
the attaok of a fungus parasite (Fusarium) at the roots and base of the 
stem. Henoe the same symptom may indicate any one of several causes, 
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and diagnosis consists in ascertaining the particular cause at work* in 
each instance. 

The methods of diagnosis employed in phytopathology have one* 
great advantage over those used in the study of human diseases. It iB 
permissible to out up a living diseased plant to look for an internal para- 
site, and having found one, to endeavour to reproduce the disease by 
inoculating a healthy plant of the same kind with the suspected parasite. 
This is rarely possible with human beings. Hence it is that the study 
of the outward effects caused by disease m plants haB not been earned 
to the same perfection as in man. The direct experimental method of 
finding the phrasite and using it to reproduce the disease is so much more 
certain in its operation, that the specialised powers of the fine diagnostician 
are rarely required. It may be also that the symptoms of disease in 
plants are more general and difficult to differentiate than in animals, 
owing to their organisation being less specialised. A direct diagnosis by 
the* observation of symptoms alone can, however, occasionally be made. 



The following are some of the symptoms most oommonly observed ; 
they’ are at times characteristic enough to furnish exact information ; 
but, as will* be seen, there is often considerable risk of mistake unless 
observation is ohecked by experiment. 

Withering and pallor. — The first and clearest indication of a 
fungus attack is often the withering of a whole plant or of some part of it. 
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The “term “ wilting ” is sometimes applied to those oases where a whole 
plant dries up more or less suddenly from an attack at the roots or base 
Of the stem. RM&ay be oonfounded with the effects -of drought or frost, 
but may usually be distinguished by the absence of these conditions 
and by its appearance in isolated plants or patohes in affected fields. 
Some insects ( e.g ., ootton weevil) oause similar symptoms. 

Drying up of a branch occurs sometimes in early stages of wilt 
(pigeon pea). More usually it is due to the infection of the'branoh by 
one of the canker fungi, or, in woody plants, by a wound parasite. The 
particular form known as “ die back,” where twigs dry up from the tip 
downwards, is sometimes due to infection by one of the anthraanoses. 
Loss of leaf, such as occurs in the coffee leaf disease, may also lead to 
the death of branches or twigs. A similar appearance may be caused 
by the action of frost on young wood, by severe insect attack, and 
by any excessive defoliation. The " stag headed ” condition of full- 
grown trees is due to the tree being unable to form leaves on its topmost 
branches and to the latter drying up, as a result <ff exoessive drainage or 
impoverishment of the soil. 

Pallor is due to destruction of chlorophyll or the oheoking of its 
formation in leaves. It is a common sign of the presence of a parasite 
in or on the pale area, but is also produced by the non-parasitic sooty 
moulds, which cut off light from the parts below. Sometimes it is caused 
by a stem attack lower down, all the leaves above the point infected 
being discoloured. An extreme case "of this is found in the stem form 
of red rust on* tea, the leaves being turned white. Pallor is also due 
to water-logging, to over-crowding, deficiency of iron in the Boil, low 
temperature and other conditions, which can often be distinguished 
only with difficulty. 

Damping off,— This name is applied to the sudden oollapse of seed- 
lings, which are attacked at the base of the stem and fall over from 
weakening of the tissues at this point. It results from the rot caused 
by several fungi, as Pythium de Baryanum and Rhizootonia, and is 
common in other countries in gardens but is not often seen in India. 
A similar condition is sometimes seen in Bihar in crops such as indigo 
and jute, when a light rain falls as the seedlings are coming up ; this 
seems to be non-parasitic. # 

Leaf-spotting.— Discoloured spots on leaves form one of the 
commonest aigns of the presence of a leaf parasite. These spots are veiy 
varied in colour, according to the pfent and parasite concerned, and 
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also often change colour at different stages in their development. In 
some cases, the colour is not uniform, but zones or bands of different 
shades may alternate (Fig. 124). 

Pallid spots have been referred to above. They are common in 
the mildews and in early stages of 
many other parasitic attacks. Insect 
punctures are often hard to distinguish, 
except by microscopic examination. 

Fellow spots are caused by rusts 
and some other fungi. Very often the 
colour changes to brown or black at a 
later stage. They are often raised and 
covered when mature with a yellow 
dust, composed of spores, whioh may 
be rubbed off on the finger. Some in- 
sects cause similar, but dustless, spots. 

Red spots are found in some rusts 
(asoidial stage of black rust of wheat), 
Chytridraceffl, and Teaf parasites of 
cereals and sugarcane. Mites and some 
sucking insects may also cause them. 
In the leaf form of red rust of tea 
and other plants, the spots are raised 
and often turn a sickly white when 
old. 

Brown spots are much the common- 
est effect of the action of leaf -spotting 
fungi, and are the usual result of the 
cells being killed. At a later stage, many turn pale or straw-coloured, 
especially k in the centre*' A few brown spots are caused by insects and 
some are due to unknown oauses. 

Black spots are almost always an indication of fungus attack. They 
wre found in late stages of rusts and in many Ascomyoetes (e.g, t 
Phyllachora, Fig. 95). 

v C on c en tric bands of colour are found, in different shades of brown, 
in spots caused by AUemaria Solani and several other speoies, and in 
brown, red, and yellow in Cercosporo Umgtpea on sugarcane. They are 
generally caused by fungi, 
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Shot hole. — This name is given to the perforations caused by oertam 
leaf parasites of limited action. At first a brown spot appeara, but the 
diseased tissues are soon out off from the rest of the leaf and ultimately 
fall out, leaving a round hole in the leaf. They are common in fruit 




Fig. 21. Brown apots on cabbage caused by 
A liernaria Hraisictt, 


Fig. 22. Bhot hole of 
peach leaf. 


treeb, such as peach and plum, and are found in tea and some other plants, 
buj rarely in field crops. The fungi concerned are chiefly species of 
■Ceroospora, Phyllostiota, and Clasterosporium. Insects occasionally 
cause similar wounds. 

Scab. — This is a condition oaused by oracking of the outer kyers of 
fruits or tubers, the broken skin becoming dry, flaky, indurated, or 
sometimes corky. The scabs of apples and pears are caused by 
Fusioladium (Venturia), that of peaches by Cladosporium and 
Ckettrosponum, and potato scab by several parasites (Oospora* 
Spongospora, Spondylooladium, etc.), and also probably by other 
non -parasitic agencies. Citrus soab, which is prevalent in India, 
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is usually caused by baoteria. Eelworms may cause scabbing of 
tubers. 



Fig. 23. Scab of appleB caused by V*nturia inaquaXit . (After Salmon). 

Canker. — Open wounds, often of a spreading nature and sometimes 
surrounded by a raised, tumour-like margin, are found on woody stems 
and even sometimes on annuals like pigeon-pea. They are caused usually 
by parasites that attack the bark and extend as far as the cambium. 
The tissues outside this layer are killed and slough off, leaving a wound 
exposing the wood. The raised margins are the result of efforts at repair 
by the production of calluB, which may again be attacked and destroyed 
before healing haB progressed far. In some cases (pink disease of rubber) 
canker may encircle the branch and cause a “ ringing wound ” which 
kills the part above. In the tea seedling disease (which is doubtfully 
parasitic) new roots may arise from the upper swollen edge of the wound 
(Fig. 190). Most canker-producing fungi are Asoomycetes (Neotria, 
Dasyscypha, Aglaospora), but some are rusts (Peridermium, Gymnoe- 
porangium) and Hymenomyoetes (Cortioium). Cankers are also caused 
by insects (woolly aphis of apple?), frost, and baoteria. 

Other wounds. — The laBt three conditions mentioned result in 
wounds. Other wounds are oaused by various fungi that attack leaves, 
as the leaf -shredding oaused by Sclerospora graminicola , and the irregular 
holes and marginal corrosion of brown and rim blights of tea. Cavities 
in woody tissues are oaused by some tree parasites, such as Trametes 
Pint and Polyponu Shore * . 
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Rotting. — Rotting is often caused by the Feronospozao e® 
fPhytophthora, Pythium), where the green parts are chiefly affected ; by 
such fungi as Rosellinia and Hymenoohsete, where the roots are concerned ; 


t 




Fig. 25 Cavities in wood of Pinna 
caused by Trametta Pini t x g. 

by Rhizoctonia, where the region affected 
is usually the “ collar ” ; and by various Hy- 
menomycetes that cause wood rots in tree 
stems. Still more common are the rots of 
fruit and of various bulbs and tubers. The 
rot may be wet or dry, according some- 
times to the parasite, sometimes to the 
host, and sometimes to various secondary or 
external conditions. Many wet rots are due to 
secondary saprophytio (putrefactive) organ- 
isms, chiefly bacteria, which follow in the 
track of the parasite {e.g., potatoes attaoked 
by Phytophthora infestans). RotB of pulpy 
fruits (apple, tomato, and the like) are usually wet, owing to the quan- 
tity of cell sap present. They may be caused by weak parasites 
such as Penioillium, the vitality of the gorged oells being low (orange 
blue mould). Rots of woody and pithy stems ate often dry, especially 
in the later stages (red rot of sugarcane, and various tree rots). 

Fluxes.— S everal tree diseases are characterised by an exudation 
from the bark of the stem. The nature of the exudation varies in 


Fig, 24. Canker of tea stem, 
X f. 
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djfierent oases. In the stem bleeding disease of the coconut in Ceylon, a 
colourless or brown, somewhat visoid liquid, rich in sugars and produets 
of decay of the tissues, oozes out from cracks in the stem. In rubber 
canker, there is an exudation of latex in the older stages. Resin is 
poured out in conifers attaoked by various fungi (Peridermium, 
Fames annosus). Gum is found on the surfaoe of the diseased parts in * 
the foot-rot of citrus fruit trees. Exudations may also be caused by 
wounds and other non-parasitic oauses. 

Dropping of leaves and fruit. — The leaves are shed as a result 
of the action of leaf parasites ( Cercospora / personata i Hemileia vaMatrix > 



Fig. 26 . Defoliation of coffee from twig disease. 

and sometimes of stem or root diseases (coffee twig disease, pepper wilt). 
Dropping of fruit is caused by attacks of Phytophthora on palms and 
in some other cases. Leaves may also be shed after frost or in drought, 
and premature falling of fruit often oauses much loss in orchards, 
apparently from some olimatic influence not yet fully understood. The 
destructive dropping oi cotton bolls seems also to be olimatic. 

Galls, tumours, and hypertrophy.— Abnormal outgrowths of the 
most varied character are often found on the herbaceous parts of plants 
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=and also sometimes on woody stoma and on roots and tubers. They may 
wary from tiny warts, involving only one or a few cells (Bynohytrmm), to 



the rounded tumours, several inches 
across, of maize smut (Fig 68) or the 
large woody outgrowths on Acacia 
leucophlaa, caused by Hapalophrag- 
mium ponderosum The term "gall ” 
is sometimes extended to include 
such conditions of abnormal develop 
ment as are found in the ears of bajra 
or Setana attacked by Sclerospora 
(Fig 81) Insects frequently form 
galls on plants, and a microscopic 
examination is usually necessary to determine the oause In many 
cases, parasites cause a uniform increase m the size of an organ, not 
a one-sided or localised swelling suoh as those just mentioned Such 
hypertrophy may affect whole organs, as in flowers attacked by 
Cystopus Candidas , Peronospora parasitica, Exobasidtum Eurym , 
or Exoascus Pruni ; m the first of these often affecting all the floral 
organs, in the others only some of them (ovary, stamens). Or th$ 
hypertrophy may be oonfined to part of an organ (many branch hyper* 
-trophies, such those as caused by the Exoasoace®). A false appearance 


Fio, 27 Woody gall on Acacia Icuco 
phlaa caused by Hapaiophragmiam 
ponderosum, x 
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of hypertrophy is sometimes caused by accumulations of fungus hyphen 
or spores beneath the epidermis or bark, as in the huge, blister-like 
swellings found on Casuarina stems attacked by • Trichosporiunl 
vesiculosum . 



Fig. 29. Hypertrophied ovary of Prunut Padua 
attacked by Exontetia Pruni. 


“ Witches’ brooms.” — This curious name is given by country people 
in Europe to irregular tufts of crowded twigs, found in some trees and 
shrubs. The branch from which these arise is often swollen, and the 
shoots usually all turned upwards, short, and with small leaves. They are 
oaused by parasitic fungi with perennial myoelium in the affected branch. 
The growth in length of the branch is often checked, and dormant buds 
are stimulated ^ito throwing out new shoots each year, along which the 
fungus passes, and on whioh it may develop its spores. When spore 
production is finished, the leaves, and often the younger twigs, die off, to 
be replaced by a new crop next year. They are ohiefly caused by 
Exoasoaoeee and rusts, common examples being those on barberry bushes 
oaused ? by Mcidium montanum, and on deodar oaused by Peridermium 
Cedri, in the Himalaya. Mites and insects may oause similar, though 
more rosette-like, formations. 

Development op dormant, rudimentary, or new organs. — 
Dormant buds are stimulated into growth by many other parasites besides 
those of the witches’ brooms, though usually the action is indirect and 
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caused by the death or weakening of brandies higher up f as in mango trees 
attacked by Cepbaleuroa Mycoidea on the twigs, or by defoliation, as in 
roses attacked by the common leaf parasite Diflocarpon ( Actinonema ) 
Rosa, New shoots are formed from the base of the plant in rice 
attaoked by Sclerotium Oryzw (Fig. 88), and in the tea seedling disease^ 
(which, however, may be non-parasitic). The rudimentary stamens in 



Fia, 31. Sprouting of dormant buds of mango attaoked by 
OipSaUurot Biycoidm, 


pistillate flowers of Lychnis dtoica become fully developed when attaoked 
by Ustilago violacca in Europe, except that the pollen is replaced 
by the spores of the fungus. Ovaries are developed in staminate 
flowers of Buchioe dactyUndes infected with TiUetia buchUmna in 
America. 

New (adventitious) formation of dkgms*fc found on leaves and stems, 
as a result of parasitic action, in sevemi eases. One of the most remarkable 
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is the much 'branched, leaf -Eke outgrowth from the leaves of a fern 
{Pteris) infected with Taphrina Laurmcia in Ceylon. Leafy shoots 
have also been obtained by inoculating tobacco leaves with BnciUus 
tumefaciens, the crown-gall organism. The rust, Ccsoma deformans, 
.causes pallid, leafless, branohed structures to appear on shoots 
and leaves of a 
Japanese conifer 
<Thujopsis). These 
are unlike any nor- 
mal organ of the 
host. The galls 
formed by Usti'ago 
emodensis on Poly- 
gonum chinense in 
Java and India seem 
also to be quite new 
organs. On the 

other hand, the sup- 

nlamcntortf Fio. 82. Leafy outgrowth on f i ond of Pteris caused by 

plementary petals Taphiina Laurmcia. (After Giaaenhagen). 

produoed in Viola 

silvestns under the influence of Puccinia Violce, resemble the other .petals 
and cause the appearance of double flowers. Tomatoes attacked by 
Bacillus solanacearum may produce intumescences on the stem , these 
seem to be arrested adventitious roots. 



Prolification. — By this is meant the continued development of a 



Fio. 83. 1, prolification of apikeletB of 
Pennisetum caused by SeUrotpora 
graminieoUt ; t, leaf-like it a men 
from aaroe, x f. 


part after it has reached the stage 
at which it normally ceases to grow. 
It occurs in the ears of bajra and 
Setaria attacked by Sclerospora 
graminicola , the central axis of the 
flower growing on into a stunted 
leafy shoot, surrounded at the base 
by the glumes and stamens (Fig. 33, 
1). In maize attacked by Ustilago 
ZetB, prolification may take place in 
the interior of the carpels. ' 


Transformation of organs, — This is found chiefly in flowers and 
Tesults in the change of one kind of floral leaf into another or into 
ordinary leaves. The stamens may become leafy in bajra affected by 
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Sclerospora (Fig. 33, 2). Cystopus candidus may cause petals to become 
like sepals, the stamens may have some of the characters of c&rpelB, and 
the latter may be leaf-like ; while in the flower of the Japanese plum, 
Prunus Mume, all the organs may be replaoed by foliage-leaves, under 
the influence of Cceoma Makinoi. To this alteration of floral organs to 
leafy structures the term “ phyllody ” is applied. 

Alterations in symmetry and habit. — The common Indian weed, 
I pomace renifonnis, bears radial shoots instead of the usual dorsi-ventrat 
ones, when attacked by Cystopus Ipomoece-pandurance. The short, 
unbranched stem with radical leaves of Launea asplenifolia , becomes an 
elongated, much branched axis with cauline leaves, when infected with 
Puccmia Bmler i. Leaves may be changed from Bimple to irregularly 
lobed ( Berberis buxifolia attacked by Aeddium Jacobsthalii in South 



Fig. S4. Launsa atplmifolia : normal plant below ; plant attacked by Puoeinia 
Button above, x 


America). Leaves and stems may be deformed, twisted, or otherwise 
distorted, under the influence of many parasites (e.g., Cystopus candidus). 
Single flowers may be altered from the regiriar (aotinomorphio) to the 
irregular (zygomorphic) symmetry and vice versd (as in Matricaria 
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inodora attacked by Peronospora Radii in Europe, where ligulate flowers 
may be found in the centre of the disc and tubular flowers at the 
margin). The whole inflorescence may also be changed in type (e.g., 
the normal capitate inflorescence of Acacia ebumea becomes a spike 
when infected by the edible rust, Mcidium esculentum , found near 
Poona). Intemodes may be lengthened (Euphorbia cyparissias 

attacked by U romyces Pm in Europe), 
or shortened (maize affected with downy 
mildew in Pusa). Branching may also 
be influenced, being reduoed (Uromyoes 
on Euphorbia), or increased (“ witches* 
brooms ”). In a few cases, ohanges 
occur which have been interpreted as 
reversions to earlier types in the ances- 
try of the host, as the formation of 
grain in the male inflorescence of maize 
attacked by UsUlago Zecp, the spiral 
arrangement of the floral organs some- 
times caused by Cystopus Candidas , and 
the development -of short axillary 
branches, ending in a small inflores- 
cence, in broccoli infected with Perono- 
spora parasitica. 

Atrophy. — Parts or organs are 
arrested in growth or even entirely 
suppressed, as a result of the action 
of many parasites. The same fungus 

may cause hypertrophy in one part and 
Fig. 35. Eragroatis tsnui/otia : noi- , , ,, /n 

mai ear and ear atiophied by atrophy m another (Peronospora para - 
attack of Epickla* oinsrsa, nat. The who l e plant ^ rema in 

stunted from early attacks of mildews, 
rusts, and other fungi. The leaves may be atrophied in u witohes* 
brooms,” and as a result of the actions of some rusts and species of 
Synchytrium ; flowers, in poppy attacked by Peronospora arborescent, 
grasses with Epiohloe, and some cereals with Solerospora ; fruit, 
in rusted cereals, and from the smuts that infest the ovary. All 
these ohanges oan also be caused by insect attack and several 
of them by unfavourable climatic conditions, poor soil, and the 
like. 
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Naturally, several of these symptoms may be found together. Thus 
In peach leaf-ourl, the upper part of the twig may be swollen, the 
internocfes shortened, and the affected leaves thickened and distorted. 



H77BOTS 07 PARASITIC 7UNGI ON THAI TISSUES 07 THE 
HOST: MORBID AN ATOM V. 

Thore are two main ideas to be borne in mind, in considering the effect on the attacked 
plant of its parasite. On the one hand, we have not alone parasites capable of dircotly 
killing the invaded tissues and absorbing their oontents, but otheis that have the power 
of stimulating the activities of the plant in the directions most satisfying to their needs : 
they oan force the plant to manufacture new stores of food-matorial for their own uses, 
to form tissues rich in water, to develop thin -walled cells, easily penetrated by the parasitio 
hyphse, in place of normal thickened walls, and so on. On the other hand, the invaded 
plant develops active powers of defenoe These may be direot, as when oork is formed 
to out off the affected pateh of leaf in infection by shot-hole fungi, or a cell wall thickens 
to resist the penetration of a hypha in bajra attacked by Solerospora ; or they may be 
indirect, aa when new leafy shoots are developed from dormant buds to replace those 
killed by the parasite in v witches’ brooms.” The net result, even In the latter case, 
may be entirely harmful, when, for instance, a turnip root stores up vast quantities of 
food at the expense of the other parts of the plant to meet the demands of PlamoHophm % 
Brassier, Or the hyper-activity of a 44 witches’ broom ” starves adjacent parts ; or they 
may be in part suoMesfiil, as in maiae. which is able to supply all the needs of the maise 
smut by the production of a looal hypertrophy rich in nutrient tissue, while manufac- 
turing sufficient additional food to ripen a large proportion of its' own grains successfully. 
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Besides those changes in the host phuit whioh directly result from the oonflict with 
its parasite, there are others whioh are due to the oomplex relationships whioh exist 
between the different functions of plants, It has already beet remarked how alterations 
in food supplies can cause fungi to produoe different kinds of spores. The same some* 
times occurs as a result of the attacks of parasites on fungi, as in the Muoor, PiloMue 
Kleinii, where infection by a Chytridiaoean parasite causes the suppression of sporangia, 
and the production of zygospores whioh are normally rare. Something of a similar 
kind oocurs in higher plants, where the suppression of flowers or seeds, or such conditions 
as the formation of an excessive number of petals or of petaloid stamens, may result 
from the influence of certain parasites. 

The war between invading parasite and attaoked plant is often subtle and long 
drawn out. It is natural that far-rcaohing effects should be produoed on the structure 
and oharaotere of the plant tissues and organs. All the modifications to be described 
bolow in the bodies of diseased plants may, however, probably be referred to one or other 
of three sets of factors : the direct influence of the parasite in modifying the attaoked 
plant to suit its own needs ; the defensive or blind reactions of the attacked body ; and 
the secondary effects on rcproduotiro and other parts, of the functional disturbance 
caused by the invader. 

The olianges caused in the tissues may be consideiod in then oflects on single oells 
and on larger masses of tissuo. 


EFFECTS ON SINGLE CELLS. 

Contents. — The cell may bo lulled without reacting against tic attack. Them 
may lie no increase in size, nor change m the nature of the oontents, except suoh as results 
from their (loath, and consumption by the parasito (Phytophthora). The effeot may 
vary according a-, it is more vigorously exorcised on one part pi the coll contents than 
another. Sometimes tlio liquid of tho ooll is rapidly removed, and the normal appearances 
of wilting from drought (or “ plasmolysis ”) are caused (several fruit-rotting parasites) ; 
sometimes chlorophyll is early reduced, leading to the appearance of pallid spots (ABcidivm 
Urticce, Pcronosporaoeae) ; more usually, the wholi cell contents collect towards tho 
centre (Fig. 37, 1) in a grumous mass, whioh turns brown, apparently from the oxidation 
of substances like tannin present in the oell, and breaks up into amorphous granules 
often with tho formation of refractive brown globules. These have been mistaken 
lor parasites (“ Psoudocoinis ”) on several occasions. Starch may be directly attaoked 
( Polypvru* ignaritu, Phytophthora) or may bo left unaltered, especially where the cell 
has been rapidly dried out ( Guignardia Bidivellii, Venturia incegvaha). Several of the 
potato rotting species of Fusarium oan hydrolyse gelatinous starch, but have no effect 
on the unbroken* starch grains of the tuber. 

Sometimes a reaction takes place within the oell. The nucleus may enlarge or become 
lobed or even fragmented (Amphioarpasa attacked by Synchytrivm decipiena (Fig. 37, 8), 
Capsella with Cyatopua candidus). The whole oell oontents may increase, the membrane 
usually expanding at the same time (single oells affected with Synchytrivm pyriforme or 
S. puerarice, superficial cells of grape leaves with black rot). Chlorophyll may be in- 
creased (Synchytrium pyriforme and viride) or formed in oells which usually oontain 
none {Cyatopua candidua). It may also persist longer than usual, and lead to the reten 
Uon of the green colour of affeoted parte after the rest has withered (apple with Venturia 
incegyalis sometimes). This last fungus may cause an inorease in tho formation of 
crystals of oaloium oxalate in the oells, while the secidlal stage of Pvccinia ooronata 
may prevent their formation in Jthammu Franguh. Starch may be greatly increased 
under the influence of Oystopvs candidua, or may be found collected in tissues us ually ipke 
from it. The’ formation of the red or purple pigment, anthoeyan, within tho ceUs, 
especially on the side towards the sun, is a frequent accompaniment of pateeftio attack 




Fig. 37. 7, effect of Phoma apiwola on cells of celery 
bulb , those below are healthy. 2 alteration of 
nuolei of Arophicarpsoa by & tnehytrium dicipisnt ; 
normal nuoleus in centre. 3, solution of oellulose wall 
of sppianffium of Phytophthora palmlvora by germ 
tube from a zoospore 4 outer wall of rose leaf with 
hyphc of Diplocarpon Roue below cuticle ; below, 
the same showing the cavity dissolved in advance of 
the tip of the hypha 5, hypna of Sobrotpom gramt 
nicola showing oellulose sheaths around interoellular 
hypha a and penetrating hypha b. 0, the same show 
ing their failure to penetrate bundles or soleren 
chyma (2 after Klebahn, 2 after Kusano, 4 after 
Ducomet). 


defensive effort is observable, the oell seeking to okeck the entry of the hypha bv deposit- 
ing oolluloeo around the threatened point, or by forming a cellulose sheath enolosing the 
hypha after entry [Usttiago Z*<r, Sclerospora (Fig 37, £)] In tho oells of some fruits and 
green parts of plants, a tannin like body, toxic to fungi, is formed when a parasite gains 
an entrance This arises from the action of an oxidtse on substanoes such as gallic 
amd present in the oell, and so long as the oxidase is in sufficient quantity little injury 
results. As the parts ripen, the oxidase diminishes and the tissues lose their resistance 
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Membrane. — Here again it is possible t6 distinguish between the direotly destruc- 
tive action of the parasite and the defensive or blind reaction of the host. 

In destroying cell membranes, parasitio fungi make use principally of enzymes, 
of which they command a wide ohoice, differing, however, to some extent according to 
the fungus. The aotion has been most fully studied in certain parasites of woody tissue 
and in some leaf parasites which afieot chiefly the epidermal and outioular walls. 

The most important constituent of plant membranes is oellulose, which forms the 
bulk of the walls of the softer tissues and of all young parts. Most parasitio endophytes 
: aro oapable of dissolving oellulose by means of an enzyme (oytase or cellulase) (Fig. 37, 3). 
Sometimes the power is restricted to oertain organs, or stages in the development of the 
parasite, as in the intercellular parasites that only penetrate colls by haustorial branches 
and in some Peronosporaoea that traverse the epidermal oells by their germ-tubes, but 
are subsequently confined to the intercellular spaces \Phytophthora Colocasia). In 
other oases, the tips of all the hyphw can dissolve a passage into the oells and extend 
readily from cell to coll ( Pythium de Baryanum). In these, and in many other inBtanoes, 
the attaok on the membrane is limited to a small aiea around the tip of the penetrating 
branch, sometimes only just enough to allow the latter to bore a narrow passage (Chytri- 
diaceee), sometimes larger, the membranes being swollen and softened for a little distance 
beyond the area actually in contaot with the fungus ( Phytophthora pedmivora). It is 
evident too that enzyme production is limited to the tip of the hypha, since the hole 
in the wall does not subsequently enlarge. Many parasites of this type are unable to 
enter tissues with modified oell walls, such as the lignified cells of the vascular bundles 
(Fig. 37, 0), from which we must oonolude that they do not possess the power of forming 
enzymes capable ol dissolving such walls ( Pythium de Baryanum, Solerospora). 

In the above oasos, the action is confined to opening a passage into the oells in which 
the fungus foods, and tho nutrition obtained from the wall is trifling in amount. In 
another group of cases, the action is more extensive and the substance of the wall is 
largely consumed. In Dtplocarpon Rosa, a common leaf parasite of rosea in India, 
and in Beveral European forms (Fusarium Hordeanum, Venivria circinans), the fungus 
grows at first entirely in the oellulose portion of the outer epidermal wall, which it oorrodes 
to a greater or less extent, and no doubt oonsumes after transforming into sugars, though 
some of its food is probably taken by osmosis from the underlying epidermal cells since 
these are ultimately killed (Fig. 37, 4). Still more striking is the aotion of several para- 
sites of the woody parts of trees. In some of theBo (Polyporu* Schweintizii, Forties eameus, 
Porta vaporarta ) tho fungus extracts almost all the oellulose from the walls of the affected 
tissues, setting free the combined part (hadromal) of tho woody impregnation. Ulti- 
mately. a brown, brittle mass resembling charcoal is found. The similar substance 
formed in the dry rot of timber, caused by Merulius lacrymans, has reoently been shown 
to consist of humin bodies. As Polyporua Schweintizii and Fomes eameus develop 
freely in the heart-wood, tho oells of which are dead and oontain mostly resin, pigment 
bodies, and tannin, it is evident that those fungi must obtain an important part of their 
food from the walls, and the disappearance of the oellulose indicates that this substance 
is largely made use of. Where wood gum (xylan) is present in the wall, it also may some- 
times be utilised, as it has been found that certain fungi ( OlomereUa cingulata , potato- 
rotting speoies of Fusarium) possess pentosanascs whioh oan break down the pentosans (to 
whioh xylan belongs) into their component sugars. Wood gum is, however, highl y 
resistant to other fungi ( Fomes nigricans), so that pentosanaaes are not of constant 
occurrence. 

Besides oellulose, the oell wall usually contains pectin bodios whioh axe also carbo- 
hydrates (or allied bodies) and may be acted on by ferments (peetinase), being dissolved, 
with the formation of simple sugars. The primary oell wall oonsists largely of peetio 
substanoes, whioh persist as the middle lamella of the wall between two adj oinin g cells, 
and forms a sort of cementing substance holding tho individual cells of the tissues toge ther , 
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Peotin bodies are also found in the secondary parts of the oell wall lying next inside 
the middle lamella, but are scanty or wanting in the tertiaiy layer, which bounds the 
cavity of the oell and consists, at least when young, of pure cellulose. 


The peotin bodies of the oell wall seem to be particularly liable to destruction by the 
action of parasitio fungi. Most intercellular endophytes force their way between the 



Flo. 38. Action of Forties annosus (left) and 
Tranietee Pini (right) on wood of pine 
and spruce. The lignified walls (dotted) 
are gradually delignified and the middle 
lamella dissolved, leaving the isolated 
cells (below) with walls of pure cellulose. 
(After Hartig (diagramatic) and v. 
Hchrenlc). 


cells by dissolving the middle lamella, 
though in the majoiity of the parasites of 
parenchymatous tissues, such as the 
Peronosporace® and rusts, tho action is 
usually limited to the immediate neigh- 
bourhood of the hypha and the oells do 
not become separated from one another. 
On the other hand, in a few parasites of 
soft parts (Botrytis cinerea) and in several 
that attack woody tissues (Tra metes P»ni, 
Fumes annosus), the middle lamella may 
be entirely dissolved, so that the oells fall 
apart before the cellulose portion of the 
wall is destroyed (Fig. 38). Many sapro- 
phytic organisms also havo this power of 
dissolving tho binding substanco of the 
cells, and they are made use of m the 
retting of jute and flax. It haH been 
shown that oortain moulds ( Rhizopu s 
nigricans) can utilise ^fhe pectic bodies, 
thus transformed into sugars, as food, 
and some of these organisms have little 
or no action on cellulose or the living 
contents of the cells. 

Many oell walls aro changed in com- 
position as development proceeds, the 
changes affcotiug both the cellulose and 


poetic portions of the wall. The most widespread of these secondary alterations is the 
process known as ligmfioation, which appears to consist, in part, of a chemical com- 
bination of cellulose with an aromatic aldehyde “ hadromal,*’ and in pait, of the depo- 
sition within the wall of an encrustation of complex bodies, from which the glucowde 


oonifenn and the aromatic body vanillin have been obtained.* All the cell walls 
of the wood (xylem) becomo lignified as they develop and tho process also occurs to 
a greater or less degree in other tissues (scJerenchyma). The middle part of the wall 
(seoondaiy layer) and the primary layer (middle lamella) are chiefly affected by these 
changes, the tertiary layer, bounding the cavity of the oell, often retaining its cellule he 


character to a considerable extent. 


LigniJkd walls are aoted on by many fungi. Some cause the decomposition of the 
hadrom&J-collulose compound, using up the cellulose and totting free the hadromal, 
wfaloh may be extracted in quantity equal to that found in healthy wood and is therefore 
evidently not consumed by the fungus (Femes cameos, F. pinicoia). Others, such as 


* The nature «f tide « Ugno-ceUulose, ” to which the special properties of wood are due* is still 
problematical. AH that Haas and Hill (“ Chemistry of Plant Products, ” 1018) leal justified In 
saying k that the oeUakwe is combined with at least two nsn-oeflalose constituents, one of which 
appears to contain an aromatic nol en s and tho other contains a farfurohyfelding oomplex and 
ie probably a pentosan. To both together, tho name “ lignin 11 is sometimes applied. 
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Trametu Pin* , which is & destructive pine phfcasite in the Himalaya, cense a progweriv^ 
deligaifioation of the wall, beginning from the tertiary layer and washing outwards to 
the middle lamella (Fig. 38). All the wood substances are removed (t consumed by the 
fungus) and approximately pure cellulose is left; later on, even this may be dissolved, 
and holes in the wood are formed. The enaymes which produce these actions an hadro 
mase, whioh decomposes the hadromal -oellolose combination, setting free the hadromal 
(Merulius lacrymans), peotinase whioh dissolves the middl e lamella, emulsin which 
decomposes ooniferin, oytase which attack the cellulose, and doubtless othere. They 
must often be produoed in considerable quantities, since the action may be simultaneous 
; over a fairly large area. It is probable also that their production is not limited to the 
tips of the hyphss, since holes may be found in the watti larger than the diameter of the 
penetrating hyphtt (Lentinus lepukus). Different fungi utilise different enaymes, so 
that, for instanoe, Bulgaria polymorpha can remove the lignin bodies mid dissolve the 
pectate of the middle lamella, but has no action on cellulose : Fomes juniperinus does 
the same, but ultimately destroys the cellulose also : Fonm texanus corrodes the waif 
uniformly, from within out, without altering the relative proportion of lignin and cellulose, 
but does not attack the middle lamella : Fomes nigricans first dissolves the inner cellulose 
(tertiary) layer, then removes the hadromal and later the other lignin substances of the 
middle (secondary) layer, and, soon after, of the middle lamella ; finally, it consumes 
the cellulose from within outwards, sometimes leaving the middio lamella (peotat»> 
for a time, after the rest has been destroyed. Wood gum is not readily acted on by 
this fungus, and several others, and may remain in the oellaand enorusting the walls when 
destruction is far advanoed. All kinds of oells may not bo equally acted on : thus the 
oells of the medullary rays may be early attaoked and disappear long before the wood 
coils are entirely gone (Polyporus rubacidus, Fames rimosus ) ; or the latter may be 
much altered while the medullary ray oells are still intact ( Polyporus sulphurous) ; while 
the weakly parasitic Polystictus pergamenus leaves the vessels and medullary rays 
unaffected, after the wood fibres are rotted ; and Polyporus texanus confines its action 
to the fibres, so as to oause holes between the vessels and the parenchyma. These actions 
probably depend on differences m the composition of the cell walls or oell oontents, 
sinoo it has boen shown that Polyporus squamosus rots the less lignified wood fibres of the- 
sycamoro before the more highly lignified vessels and medullar/ rays, while P. texanus 
dostroys the heavily lignified fibres and leaves the vessels and parendhyma alone, possibly 
because of their high tannin oontent 

The woody tissues are also often differently acted upon, aooording as they belong 
to the heart-wood or the sap-wood of the trunk, or, in the annual rings, aooording as 
they are the looser spring wood or the denser late summer wood. Many species are known 
that attack heart-wood only (e.g., Stsreum subpileatum), or if they Bpread to the sap-wood, 
do so only in late stages, when the injury to the heart-wood has lowered the vitality 
of the living adjacent tissues. In these oases, the fungus usually arises from wounds, 
or inseot burrows, involving the heart-wood, and the host is not liable to attack when 
young, before heart-wood is formed. Other species attack the sap-wood only, and their 
growth is arrested as soon as heart-wood is encountered {Stereum hirsutum, Polyporu* 
Shore*) (Fig. 39). Some, suoh as Polyporus eubacidus, destroy heart-wood and sap-wood 
with equal rapidity, while Polystictou versicolor , on the lilao, begins in the heart-wood, 
often from borer holes, and when a footing is obtained, grows outward towards the bark 
through the living sap-wood. It has been shown that in many of these oases, the amount 
of air present in the tissues is the determining factor, and .that this is, in turn, dependent 
on the quantity of water 'in the wood and the relative proportion of solid matter, suoh 
as oell walls, to the oeU cavities. Many wood-destroyers have a large air requirement, 
othen seem to require more water, Stereum hirsutum is believed to be unable to flourish / 
Motion tin * W ° 0d ’ b ®°* U# *. tha <do#in « tho traoheids and exoeekive retin prevent / 

dried out by berers. Again, Polyporus subaddus attacks the summer wood of the -ffUni 
B, DIO J 
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sometimes, but leaves the spring wood alone (Fig 40). whereas LenztUa wpuma (a timber 
saprophyte) rots the spring wood, withonl (m the early stages) injuring the more 



Fio 39. Effect of Polyporut Short" on sap wood of Shorta robusta, nat Bite. 



Via. 40. Effect of Potyportu mbaeidm in delignJfying 
the inomer wood of eaoh annual ring of epruoe. 
(After v, Sobrenk). 


compact late summer wood Tests with this last fungus soem to indicate that it has 
enzymes capable of destroying hadromal and ooniferin but not vanillin In several oases 
(flVasutM Ptni, Potyporu* Short*, 8tm*um fnulvlotum), the destruotave action Is visiblein 
" pockets " of varying siee, the Intermediate spaces being but slightly altered, though 
all are equally within roach of the hypiue. 
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In the higher plants, the exposed surface is usually clothed by a continuous* non- 
•cellular membrane, the cuticle, whioh lies' over the epidermal oells. This layer is formed 
by the epidermis at an early age,, but opinions differ as to whether it is derived from 
•collplose or peotio bodies by the subsequent deposition of outin, like the lignin of lignified 
walls, or is a non-cellulose independent layer. Cutin is not eonfined'to the outiole, but 
is often found impregnating the deeper layers of the outer epidermal wall and even in 
the lower walls of the epidermis and in the sub-epidermal coll walla, to form what are 
known as outinised walls. After removal of the outin in these oases, cellulose and pectin 
substances are left. Cutin is considered to be of a fatty nature, and is almost impenndhblo 
to water "and gases. 

Several fungi art 1 capable of dissolving outin and of deouti nixing outinised mem branex. 


In those parasites that penetrate direotly 
into the epidermal cells from the surface, 
a passage is bored through both the cuticle 
and the outer wall of the epidermal coll ; 
in those that live in or below tho cuticle, 
only this layer is pierced, and the myce- 
lium continues its development in the 
thickness of tho wall ( Venturi a inasqualia 
(Fig 41, 1)). The sub-outioular parasites 
aie sometimes oapable of considerable 
growth horizontally, and may form ex- 
tensive plates of myoohura within the 
outor walls of leaves (Exoasoaoe®, Diplo- 
carpon Roaa, Vontuna). Some Boem to 
progress ohiofly by forcing thoir way 
mechanically lietwcon the layers of the 
wall {8tig motea Robertiani, Quignardia Bid- 
iveUu). others by digestion of tho membrane 
(Oydogonium oleagtnum, Fnaicladiurn 
Pruni). In tho latter group, some attnok 
only the cutinvaed parts (Cyclogomum), 
othors both cutiniaod and oolluloso 
parts (Fusiolodium sometimes), others 
the oollulose parts only ( Veniurta circtnans). 
When outinised membranes are attacked, 
the first stage is usually a deoutimsation, 
just os in sovoral parasites of woody 
tissues the first stage is a delignifioation. 
The action on the membrane is usually 
localised to tho parts around the filament 



to a greater degree than in the parasites 
of woody tissues previously described 
(Fig. 41, 2). 

Another type of wall is found in many 
plants, especially in the familiar cork of 
the bark of trees. This is the suberised 
cell wall, in whioh the essential substance 
is a fatty body “ suberin," whioh is 
allied to eutin and, like it, impermeable 
to water and gases. In oork oells, the 


Flo. 41. 1, infeotion bypha of Venturia iiux- 
qualU entering outiole of apple fruit \ 2, 
diagram of digestive action of a hyphaon 
the outer membranes, in transverse and 
longitudinal seotion : M hyphal cavity, m 
hyphal wall, 6 brown products of digestion. 
c tone of digestion cuttnised part, ana 
os oollulose part of membrane ; 3. forma- 
tion of reactionary oork in apple twig 
attacked by Venturia inaqualie ; 4, penetra- 
tion of the reactionary cork formed in pear 
twig attacked by Venturia pirina. (1 after 
Wiltshire, 2—4 after Duoomet). 


suberin is deposited in a layer bounding the middle lamella, the lafeteT burning 
lignified at the same time. Inside the suberin layer, a layer of cellulose may 
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finally be deposited, bounding the oavity of the oell, but cellulose seems to be absent 
from the suberin layer itself. Cork oeils are usually formed as a distinct new tissue 
by the division of embryonic oeils, but oases also ooour not infrequently of the auberisa- 
tion of pre-existing oeils, in a manner similar to the lignifloation of woody oeils, except 
that, while lignifloation begins as a rule in tho middle lamella and adjoining parts of the 
secondary layer of the wall, suberisation begins on the inside of the wall, bounding the 
oell oavity. Doth processes may ooour in the same oell, lignifloation usually preceding 
suberisation. 

Owing to the impermeability of suberin, tho tissues external to the suberised layer 
die and are often gradually shed. This oocun normally in the bark of trees. AIbo if* 
for any reason, the plant requires to reduoe loss of water, such as oooure when the cuticle 
is destroyed, or a wound removes tho impervious outer bark of a twig, cork is formed 
below the injured arda. This reactionary cork is frequently developed as a result of 
damage done to the outer layers by parasitic fungi, and is one of the most valuable defen* 
sive reactions against parasitio attaok (Fig. 41, 3). Not only is the oontinued extension, 
in depth, of the parasite oheoked (suberin being particularly resistant to attack by fungus 
hyph«), but the external tissues, and with them often the parasite itself, are killed and 
shed. Shot hole (see p. 81 ) is one of the best examples of successful defence in this 
manner, eaoh hole being duo to the formation of a ring of cork around the infected leaf 
area. Unfortunately the plant is often unable to form a continuous corky barrier in time 
to prevent penetration at every point, and tho 
mycelium gets below it and continues to kill cells 
deeper in (Fig. 41, 4). A new layer of oork may 
then be formed, and the process may bo repeated 
several times. Tho result is the •formation of an 
irregular wound with scaly margins, such as is 
found in the well-known scab of apples and pears 
and in oertain twig diseases, suoh as red rust on 
tea and mango. All living oell-tissues are oapable 
of reaoting in this way — leaves, tubois, fruits, and 
the outer tissues of stems especially. Whether 
the reaction is effective or not, depends in general 
on the vigour of the host and the rato of growth of 
the parasite. The process is most commonly found 
in attacks by hemi-saprophytes, for, as already 
mentioned, many of the most highly developed 
parasites (Peronosporaoe®, rusts, smuts) are so able 
to regulate their demands on tho host as not to 
provoke any alteration that might impede their 
progress. 

Other reactionary processes besides suberisation 
are often found. In leaves attacked by sub-cutiou- 
lar parasites, the cellulose part of the outer 
epidermal wall may become oatinised below the 
hyphn ( Diploearpon Rosa) or lignified ( Cydogo - 
stum deaginum). When the hyphe * ran within 
the outiniaed part of the wall, as the Utter parasite 
does, the part internal to the bypbn may be 
lignified as well as outiniaed. la the deeper wails 
of the epidermis, and in those of the tissues further 
in, the first reaction. tow superficial or penetrating 
parasite is 'often Jigntfloation. This may be followed by suberisation or the formation 
of a layer of oork oeils at a greater depth- The parasite may also provoke the division 
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«f the cells, which may enlarge somewhat first ; division w by the formation of 
-tangential walls ( Ventuna waqu alt* on apple leaves, Myet Mem m cutooutana), and 
is usually associated with suberisation The intercellular spaces which are fpnnd in the 
deeper part of the leaf may be maoh reduced in size as a result of enlargement of the 
cells ( Ventuna matquahs) All these changes seem to have as object the reduction 
of the loss of water by transpiration, which may be carried so far as to lead to the death 
of the outer layers and hence is not necessarily always beneficial 

Certain other effects of parasitic attack in which the membrane may play a part 
remain to be referred to A gummy degeneration of the wall is found in several oases 
Thus the walls of the stomata! oells of the galls caused by UalUago Zees on maize may 



0ta. 48. Gum-formation In vessels of tobacco Induced by Bmttbta wlanaamrum. 
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be partially changed to wound gum, and the same substanoe is frequently found in the* 
water-carrying vessels of plants in the neighbourhood of wounds. A gum is produced 
in quantity in the vessels of tobaooo plants attaoked by Bacillus solanacearim and is- 
probably derived from the walls. The gummosis of tho peaoh, oherry, almond, citrus, 
and other fruit trees, whioh may be oaused by fungi as well as by injuries and other agenoies, 
is due to gummy degeneration of the secondary layer and middle lamella of the walls of the 
young wood aells in the neighbourhood of the cambium,, and sometimes ef other tissues. 
The gum may bo produoed in suoh quantities as to force its way to the surfaoe, where it forms 
pearly drops. A mucilaginous degeneration of the middlo lamella (pectio degeneration)- 
often results from the attack of Venturia circinans on Geranium. Bxoascus Cerasi 
also oauses swelling and mucilaginous degeneration of tho walls of affeoted tissues. 

An inoreasod production of rosin in tho wood of oomfers is caused by the attack 
of oertain fungi ( Pmdermiwn Pini, Agaricus meUeus). The resinous contents of the 
walls are liquefied and flow up and down the vessels and outwards into the living parts, 
under considerable pressure, so that a rosin flux is produced from the surface of the stem. 

Another condition which may result from thoattaok of parasitio fungi is the forma* 

tion of “ thy loses,” thin-walled cells found 
in the vessels of the wood as a result of 
growth of living cells of the medullary 
rays and wood parenchyma through the 
pits in tho vessel walls These protrusions , 
are found normally in tho neighbourhood 
of wounds, and serve to cheek the loss of 
water and prevent aiAmtering They 
are also produced in largo numbers in areoa 
palms attacked by Fames Ivcidus, follow - 
ing infection of olm and other plants by 
Nectria ciniutbarina, in Hovca with pink 
disoaso, and probably in many other caws. 

Finally, some parasitic fungi arc capa- 
ble of preventing tho secondary modifi- 
cations of oell walls in the neighbourhood 
of the infected area. Thus Leptospheeria 
herpotrichoides oauses the ooils of the 
soleredohyma to remain thin-walled, so that tho oulm is unable to stand erect, when it 
attaoks wheat; Cydopus candidus prevents ligmfloation of tho medullary rays of 
Capsalla, and Uslihgo Zees of tho vessels of maize ; cutinisation of the outer wall 
of tho epidermis does not ocour in tho tumours formed by the last-named fungus, 
and so on. Many of these changes are rather to be considered as tissue alterations, than 
as affecting single cells, and so belong* to the next section. 

Naturally, in many of the cases quoted above, tho action is not confined to the cell 
wall, and the destructive potentialities of fungi, suoh as Pdyporus squamosus, owing to 
the number of enzymes they can form, have already been mentioned (p. fid), bn Botrytis 
einsrsa, the wall is early attacked and the tissue cells ore still alive niter they have lost 
their co he s i on and can even be separated from one another by gentle shaking (hairs of 
Tradesaantia). This |a due to tho enzymio action being first exercised on the middle 
lamella. Inter, tile mat of the wall is disintegrated. Death of the oeUs takes plaoe 
alter disorganisation of the walls has become strongly marked. It is said that the longue 
ie only able to continue its growth in the dead colls, and In therefore a saprophyte, in so 
far that it oan only grow on dead substances, though capable of killing the oells in advanoo- 
of its growth. 



Fig. 44. Thy loses in vessel of Hevea 
affeoted with pink disease {Cortieium 
talmonieolor), x 80 . (After Brooks and 
Sharpies). 
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EFFBOTS ON TISSUBS. 

Parasitic fungi not infrequently aot on more or less considerable mas s es of tissue, 
causing thorn, in some oases, to enlarge (hypertrophy), with or without a Change in the 
characters of their oells, in others preventing their formation, L m others tgtfn loading 
to the produotion of now tissues. Only a few oharaoteristio oases need be referred to. 

Very many instances of hypertrophy are known, involving almost every tissue and 
every organ of plants. As a rule, the cells of hypertrophied tissues show some differences 
in their character or oontents from those of normal tissues. Hypertrophied roots are 
known in myoorhizas and in “ finger and toe ” and some other root diseases. Hypertro- 
phied stems ooour in many plants attaokod by rusts, Exo&soacee, and oanker-produeing 
fungi. Leaves are hypertrophied by rusts, Exoascaoe®, Exobasidiaoen, and many 
other fungi. Flowers are enlarged as a result of the attacks of some Feronosporaoeo* 
( Gystopus candulut , Solorospora), smuts, Exoscaoa®, and Exobasidiaooe. 

Tho Myxomyoete, Plamodiophora Brassicce, which causes “finger and toe” in 
turnips and allied plants (a disease not yet recorded in India), enters probably through 
the root hairs and reaohes the outer root oells. These are not killed outright, but are 
stimulated first, as is indicated by their growth in size, and division. The cambium 
shows extraordinary activity, as a result of which new, thm-walled oells are formed peri- 
pherally, in the position of the phloem, and in these transitory starch is accumulated. 
The vessels alone show lignification, but remain imperfect and pursue a tortuous ooursp. 
The attacked root is soon converted into a large, distorted swelling, whioh finally breaks 
down and rots as tho cell oontents are consumed. Tho hyportrophy in this case is due 
to lnoreaso in Ihe numbor and size of the coll layers external to the cambium. 

Hypertrophy of tho stem is well mark d in the “ witches’ brooms ” produced by species 
of Exoa,Heace«c The increase 
is ohiofly in the bark, especially 
tho hypodnrm, whore the colls aie 
more numerous and larger, while 
their normal arrangement in longi- 
tudinal rows is lost The eoi k cells 
aro also enlarged and retain their 
protoplasm longei than usual. In 
the phlo *m, the fibres are small and 
with thin walls, while the scleion- 
chymatouH cells are numerous, 
large, and also thin-walled Tin 
moduli i y rays arc enlarged and 
inoreasod in numbor, but tho rest of 
tho wood is less affected, though its 
fibres have wido, often chambered 
cavities and slender walls, and 
tho trochee are more numerous. 

The pith also is larger than in the 
normal stem. In general, Ntem 
swellings are ohiefly due to an 
abnormal increase in parenchyma- 
tous tissues, whioh may be formed 
direotly from the cambium or by 
the growth or division of pre- 
existing tissue cells. This is often 
aocomponied by a diminution in 
the walls of normally thiokened 
elements suoh os solerenohyma, and an increase in the cell contents, especially starah 



Fig. 45. Section of stem of Jasmine attacked by 
Uromycu Hobtoni (Air bubbles in the pith 
have been given unnecessary prominence by 
the Indian artist), x 15b 
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(Oyttop ua candidvs). The swelling is sometimes practically confined to the tissues 
external to the cambium (Jasmine with Uromycaa Hobaoni). 


In hypertrophied leaves, the extension «of the influence beyond the limits of the 
•cells actually invaded by the parasite is often marked. In oertain Chytridiacem, for 

instance, the parasite is only found in a single 
oell of the epidermis, but the oells in the neigh- 
bourhood are stimulated, divide, and form a 
little, wart-like outgrowth on the surface . of the 
leaf. In the same way, some sub-outicular 
parasites (Ouignardia Bidwellii, Vinturia incequa • 
Its) cause increase in |he size of the leaf oells 
further in, and sometimes their division. In 
these oases, the normal differences between the 
upper and lower parts of the mesophyll (palisade 
and spongy parenohyma) are retained, the 
hypertrophy affecting the pal is ado cells chiefly. 
In pther cases ( Cyatopua candidus), the whole 
of the mesophyll is converted into a tissuo of 
largo, thin-walled oells, with small intercellular 
spaces and numerous ohlorophyll corpusoles, 
and the differentiation into palisade and 
spongy parenchyma is lost. 




Fig. 46. Above : gall caused by 
8ynchytrium Mercurial is on Mar- 
curtails parennis , x loo. (After 
Woronin). Below : hypertrophy 
and division of outer palisade 
oells in apple leaf attacked by 
Vanturia inaqualia. (After Du- 
comet). 


Flowers may be enlarged by the transforma- 
tion of their parts (petals, stamons, etc.) into 
leafy organs (phyllody), or by^noroaso m size 
without this transformation. Thus Sclerospora 
gmmintcola oauses tho stamens to resemble small 
leaves in shape and structure, while Cyatopua 
candidus may cause an immense enlargement 


■of the sepals, due to the development of a mass of thin-walled, Btareh-fomung paren- 
chyma, with a corresponding increase in the vascular and parenchymatous parts of tho 
bundles, but not of the fibrous part. 


Tissues that occur normally in healthy parts are sometimes prevented from develop- 
ing owing to parasitic attack. Thus the thin-wailed parenchyma of stem hypertrophies 
may replaoe the normal eollenohyma, in plants attacked by Protomyces macrospoms. 
Solerenchyma is similarly replaced by thin- walled cells in many cases, pork formation 
is suppressed in twigs of hawthorn infected with Rawtelia. The absciss layer is prevented 
from forming in leaves of cherry attacked by Qnomonia erythrostoma, with tho result 
» yt. they do not fall in autumn, but remain hanging on the tree and servo to infeot the 
new leaves in the following spring. 


In a few eases, tissues are formed which do not resemble ahy normal tissue of the host. 
Thus the galls formed by VsiHago emodenais on Polygonum chinana e oontain, in the part 
which bears the spores of the fungus, a tissue of long, filamentous cells, in the meshes of 
■which the spores are entangled. 



CHAPTER V. 

THE PRINCIPLES OF THE CONTROL OF PLANT DISEASE. 

In attempting to cheok diseases of plants, knowledge is usually 
Tequiredof the oauseofthe disease, of the life-history of the parasite, and 
of the oiroumstanoes whioh influence the establishment of p^jai|j|b a rela- 
tions between it and the host. Knowledge of the cause is of advantage, 
largely because it* often allows of previous experience with the same or 
closely allied diseases being applied to specific cases ; treatment may thus 
be possible as soon as a diagnosis is made. Knowledge of the life-history 
of the parasite is clearly essential before all the methods of checking it 
can be tried ; such knowledge is available in many cases, once the cause is 
determined, but in India there is still much to be done before this can be 
said to be generally true. Knowledge of the circumstances which increase 
or diminish the power to injure of the parasite, and the resistance to attack 
of the host, is still elementary ; and these circumstances' are so dependent 
on small differences in climate and other external conditions, on local 
agricultural practices and the like, that it is seldom possible to utilize 
rigidly the experience of workers in other localities. 

Considered broadly, it is impossible to assign a greater degree of import- 
ance to any one of these requisites than to the others. The cause of 
malaria in man waB known for a considerable time before the life-history 
of the parasite had been followed out ; and the value of the use of quinine 
in the disease, as evinced by its destruction of the parasite in the blood, 
has not been lessened by the subsequent discovery of the origin of the 
latter from mosquito bites, though this added to the methods of fighting it. 
The oauses which lead to alterations in the severity of an attack are still 
obscure, but are not likely, when known, to reduce the significance of the 
earlier discoveries. Each step is dependent on what went before and none 
can be said to be the most important. Viewed in this light, the perennial 
controversy between those who believe that the parasite is the important 
factor and those who consider that attention should be concentrated on 
the host, loses muoh of its meaning. A knowledge of each is equally 
important when' the study of the conditions influencing the severity of a 
♦disease is taken up, and its control is attempted. 
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In previous pages, it has been explained bow fungi cause disease, and 
in the second part of this book the cause of the disease and life-history of 
the parasite will be considered in detail in a number of specific oases. It 
is proposed in the following section to deal briefly with the circumstances 
which influence the severity of a disease, or, in other words, which affect 
the establishment of the parasitio relation of the fungus to its host, 
a matter on which, as already said, there is far too little information 
available. 

Conditions influencing the severity of disease. Virulence : 
Predisposition : Immunity. 

There are two quite distinot sets of factors which control the inten- 
sity of any given disease. There are the circumstances which aid or oheok 
the parasite in its growth, multiplication, and spread : and there are those 
that make the host more or less capable of resisting the attack. Some 
of these are innate and not readily modified by the surroundings, others 
depend on external conditions and vary from place to place, from year 
to year, and with different agricultural practices. 

Conditions affecting the parasite.— The conditions which 
affect the parasite have already been partly considered when discussing 
dissemination and infection. Many are dependent on the external 
environment, sanitation, weather, type of cultivation, and the like ; others 
appear to be due to innate variations of virulence in the parasite. Of the 
first group, some which may be said to be influenced by general principles 
of plant B&nitation may*be given priority, as being subject to a certain 
measure of control. 

The growth of large areas under a single crop assists in the spread 
of disease. In mixed vegetation, an infected plant is often not a serious 
danger to its neighbours, as the majority of parasites oan feed on only 
one or a few species of host plant. On the other hand, a disease centre in 
a field bearing one crop may lead rapidly to infection of the whole'field. 
Artificial inoculations with the potato blight fungus, in a locality in the 
United States where no disease was present naturally, have proved that 
two infected plants near together oan spread infection sufficiently to 
destroy the above-ground parts in a half-acre plot in 29 days. This 
would only be possible where there was nothing to prevent the spores 
rapidly and surely reaching a suitable host plant. Hence the mixing of 
crops so common in India has its advantages from this point of view, for 
a field of, say, wheat, barley, gram, linseed, and peas mingled together, 
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will probably suffer less from parasites than five separate plots of these 
plants. A smaller percentage of the spores of the rusts of each crop 
will reaoh a plant that they can infect, in the former case, the gram wilt 
fungus will have further to travel in the soil before it meets another gram 
plant, and so on. 

Botation is a most useful means of ohecking the development of suoh 
parasites as oan live or preserve their spores for a time in the soil. The 
wilt diseases so common in India, and those due to various species of 
Rhizootonia, are only kept within bounds by this practice. A five years* 
rotation has been recommended in Europe for ** finger and toe ” of turnips, 
and eight or nine years’ for flax wilt, while cabbage yellows cannot be 
controlled by any reasonable rotation. These are perhaps exceptional 
cases, three years being generally sufficient ; but it is already known that 
the spores of the cotton wilt can live for more than three years in India 
in a dry condition, and since the aim is to keep the soil free from a suitable 
host until all the spores are dead, it is evidently unwise to grow susceptible 
cotton frequently in soil where wilt is prevalent. 

Accumulations of dead leaves or debris from the orop are sometimes 
a sanitary danger. The Asoomycetes and Phycomycetes often ripen 
their resting spores under suoh conditions, and other fungi, such as the 
red and black rots of sugarcane, oan continue to develop as saprophytes 
in dead stems and leaves, particularly of their host plants. Gram, arhar, 
and cotton stalks should similarly be destroyed when the crop is affected 
by wilt. In tea, coffee, and rubber estates, the removal and destruction 
of prunings and of the stumps and d6bris of jungle and shade trees when 
out down, is now generally recognised to be a desirable sanitary precaution 
and must prevent the continued growth and reproduction of certain 
dangerous parasites. In a few oases, weeds harbour parasites 
that oan pass to cultivated plants, but this risk is, as a rule, 
slight. 

Since many parasites only produce their spores after the damage 
caused by them is well marked, there is no more effective method of 
hindering their dissemination than by the removal and destruction of 
the infected individuals or of their diseased members. To give a reason* 
able promise of sueoess, two conditions should be fulfilled. The disease 
must be easily recognised, and it must be of such a nature as to admit 
of being readily and completely exoised before the parasite has been 
widely disseminated ; there is obviously little to be gained by removing a 
diseased part after it has liberated quantities of spores. The Solerospora 
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disease of bajra may be taken as an example that meets these requirements* 
for though all attempts at reproducing this class of disease artificially 
have failed, there seems little doubt that it is carried over by the 
resting spores. It is easily seen, and recognisable at an early stage, and 
if all infected plants were pulled out; and destroyed, little damage need 
be feared in following years. There is probably more room for this method 
of checking disease in India than in most other countries, as the generally, 
small plots met with allow of more laborious methods than would be 
feasible where large areas are ’the rule. In some oases, as in the removal 
of smutted sugarcane, extensive co-operation may not be necessary, 
as the fungus does not seem to be capable of wide dissemination, is oon- 
fined to certain varieties, and is often at a distance from other fields of 
susceptible oane. In others, as in the bud rot of palms, the efficacy of 
the treatment depends on no diseased trees being left, and the work in 
a village may be rendered useless in the long run if all do not unite. The 
cutting out of diseased parts is particularly applicable to fruit and forest 
trees, and such woody plants as tea, ooffee, and rubber, as it is often 
possible to prune off infected members without causing much harm to 
the plant. Thus it is a regular practice on many estates to cut out pink 
disease of rubber, and canker and thread blight of tea. Mulberries used 
for silk-worm culture are much damaged in Kashmir (as in Europe) by 
Polyporus hispidus, but the loss can be reduced by cutting out the young 
fruiting bodies with the underlying diseased parts. The foot rot of oranges 
and some forms of canker in fruit trees may also be dealt with in the same 
way with success. In intensive forestry, the removal of the sporophores 
of certain tree parasites is a regular part of the operations in some coun- 
tries, but has not yet been adopted in India ; infected trees are not saved, 
but the dissemination of the disease is checked. 

Many wound parasites are dependent on acoess to broken tissues of 
the host plant, especially those left exposed in woody plants by pruning 
•or the breaking off of branches. The protection of these wounds in fruit 
and forest trees and woody crops is therefore of importance. In tem- 
perate countries, wood tar (Stockholm tar) is usually employed, but in the 
tropics it tends to become too liquid in hot weather and runs over the 
sound bark, which it kills. Coal tar is better, as it is more permanent, 
antiseptic, and not so liable to run. It should be applied with a small 
brush to the raw surface only, and not allowed to get on sound bark, 
which it will bum. In the United States, a thick coating with white- 
lead paint is recommended. 
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The nee of cuttings and seed from diseased plants is sometimes very 
dangerous. This particularly applies to plants ordinarily propagated 
vegetatively by setts, outtings, tubers, and the like. In many of these, 
the parasites ordinarily extend into the parts used for propagation and 
retain their vitality long enough to infeot the new shoots (potato blight, 
rod rot of sugarcane). In some diseases, the seed becomes contaminated 
and seed from diseased plants should be carefully avoided (anthrao- 
nose of ootton and bean, gram blight). 

In a few oases, the use of fresh farm-yard manure is attended with 
risk, as the spores of such fungi as the oereal smuts may survive pas- 
sage through the alimentary canal of farm animals fed on a diseased 
crop. In India, the danger from this source is slight, but old, well-rotted 
manure is preferable for most purposes. 

Protective wind belts or " wind breaks,” composed of trees or 
shrubs, may prove valuable in checking the spread of wind-borne diseases 
in certain crops, such as tea and ooffee. It has been proved that artificial 
screens do exercise a definite effect m this direction. Experiments in 
tea gardens show that the bushes to leeward of the wind barrier suffer 
less from leaf diseases than those freely exposed to the wind. The method 
is worthy of more extensive trial in certain cases, but , one danger in its 
adoption should not be lost sight of. Some parasites of tea and coffee,, 
both insect and fungal, oan live on plants that may be used as wind breaks. 
Thus it is certain that a number of the shade trees used in Assam tea 
gardens are liable to red rust, and it is not improbable that the parasite 
reappears on heavily pruned tea, from which it has mostly been cut out, 
as a result of reinfection from these trees or from the jungle. 

In the storing of fruit, potatoes, and the like, considerable oare is 
often required to prevent the maintenance of conditions favourable for 
the development of parasites that oause rotting. Most of these are weak 
parasites and require specially suitable surroundings to enable them to 
oause muoh damage. Excessive moisture and a high temperature are the 
ohief of these, and aot probably both by giving the parasite optimum 
conditions for its growth and spread, and by rendering th$ stored produce 
more susoeptible to attack. Rough handling, of such a nature as to 
injure the protective surface layers, also aids weak parasites in the 
penetration, and it is well known that hand-pioked fruit is less liable to 
rot than wind-falls, owing to the bruised areas in the latter oase being weary 
susoeptible to infection. Actual contact in store also naturally assist* 
the spread ef decay, and for long-distance transit it is often advisable 
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to wrap each individual separately. The looality selected lor storing 
r should be dry, cool, and well ventilated. Fruit should be placed in a single 
layer, not touching. Potatoes are best stored in thoroughly dry sand, 
which, in plaoes exposed to the potato moth, should oover them completely. 
None but sound tubers should be kept, as not only do rotting tubers 
increase the numbers of the rot-produoing organisms, but they supply, 
while decaying, a considerable amount of moisture. The store should 
be picked over regularly to remove infected tubers. 

Amongst the environmental faotors that influenoe the development 
of parasitio fungi, moisture, temperature, light, and air are the ohief. 
The density of a crop may affect all these, and this again may depend 
on the amount of soil moisture and the good or bad nutrition of the host. 
Since, as a rule, these faotors act by influencing the germination of the 
spores, they have been already referred to in the section on infection • 
A few special oases may, however, be mentioned here. 

Soil moisture and temperature are known to have a marked effect 
on the prevalence of some of the cereal smuts. In Europe and the eastern 
parts of North America, infection with tyunt spores from the soil is uncom- 
mon, as the spores germinate in winter in wet soil when the temperature 
rises above 41 °F., and if frost or drought then sets in, arc killed. In the 
cold, dry areas of the north-west of America, however, the spores remain 
alive without germinating until the following sowing time, when thev 
germinate with the wheat and may cause heavy loss. In flag smut in 
Australia, the spores similarly remain alive, without germinating, in drv 
seasons. If rain comes before the sowing time, they germinate and die 
out in the absence of a suitable host ; but when the first rain is at sowing 
time, host and parasite germinate together and severe infection may 
follow. 

In wheat rust, the determining factor in many parts of India is the 
humidity of the air in the early months of the year. Certain observation^ 
indicate that it is the humidity of the air within the crop that is of import- 
ance, and that this may vary considerably with the density of the orop. 
In some years, Jhe parasite is muoh more prevalent where the orop is 
heaviest ; and there may be, in the same field, 20 per cent more moisture 
in the air within the orop in such partB than in those with a light orop 
where rust is not severe. The density of the orop in these oases is often 
a measure of the relative amount of soil moisture during the dry period of 
the year. Here, therefore, the ultimate factor may be the soil moisture 
though the immediate cause is the humidity of the air, which favours free 
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geraunation K and infection by the rust spores. Of course in very moist 
weather even light crops may be severely gisted ; and the injury caused 
by a widespread rust epidemic may actually be greatest on light soil that 
dries ^out easily ; but this is due not, so much to a multiplication of the 
parasite as to lesser vitality of the host. There is* also some evidenoe 
that, once infection has ooourred, subsequent development within the 
•plant is favoured by a low water content. Many other oases are known 
where atmospheric moisture is the limiting factor in parasitic attaoks, but 
this must be distinguished from total precipitation, as heavy downpours 
of rain sometimes act beneficially by washing the spores from the plant 
into the soil. 

The influence of light is perhaps best illustrated by the powdery 
mildews (Erysiphaoe®). It is well known that many of these parasites 
develop most vigorously in shady situations. Wheat mildew in 'India 
has only been seen causing serious damage in half-shaded pot culture 
experiments, and tobacco mildew is rarely destructive except where direct 
sunlight is cut off. Vine, strawberry, and cuoumber mildews have been 
noticed in other countries to behave in the same way, while in England* 
experiments with vegetable marrows showed that plants exposed only 
at night were soon covered with mildew (Erysiphe C ichor aoearum) while 
those unprotected only during the day remained praotioafly free, though 
a far greater number of spores is liberated by day than by night. The 
exact way in whioh shade favours these parasites does not seem to have 
been worked out, but it presumably promotes germination of the spores 
and infection of the host. On the other hand, shade has been reported to 
check celery leaf-spot (Cercospora Apii), asparagus rust, and the leaf 
disease of strawberries ( MycosphcsreUa Fr agarics) in the United States. 
Shade also reduces chilli die-back at Pusa, because of the lesser deposit 
of dew in shady places. 

Air is known to affect the growth of parasites in some oases. 
It has been established that some of the parasites of the wood of trees (e.g., 
several species of Fomes, Stereum, Neotria, and Valsa) are only able to 
grow when they are well supplied with air. The quantity of air present 
in the tissues depends on the water oontent of the wood, being highest 
when the water is lowest. It is also affected to ar oeztain extent by the 
density of the tissues, that is to say by the relative proportion of cell 
walls to cell cavities. Hence these parasites attaok most readily at periods 
when the wood is relatively dry (as during the winter rest of deciduous 
trees), and often spread more quiokly in the loose tissue of the*arly-formed 
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portion of the annual rings than in the denser late-formed wood. It is 
possible that the reason why the ynh diseases caused by species of FuSaxitun 
occur chiefly on open soils, and are not usually prevalent in day, is of a 
similar nature, tyher forms, such as Agaricua meUeus, can thrive with 
relatively little air. 

The reaction of the media in which they are growing is known to 
influence the development of many of the oommon moulds. In a general 
way these grow better in slightly aoid media, whereas bacteria generally 
prefer a neutral or slightly alkaline reaction. There are, however, many 
exceptions on both sides to this general rule, and relatively few parasitic 
fungi have been examined to determine how they are influenced by the 
reaction of the oell juices. Several fruit-rotting parasites are known to be 
tolerant to organic acids and to use them as souroes of food ; moreover 
the strong aoid reaction of the host preserves such fungi as attaok apples, 
oranges, and the like from the competition of the bacteria that usually 
assist in promoting the decay of vegetable substances. The enzymes of 
Botrytti cinerea have no activity on living plant tissues in alkaline solu- 
tions, and the parasitism of this species must, therefore, depend partly 
on the reaction of the cell juioes of the host. In the allied Sderotinia 
Liberiiana it has been found that manuring with superphosphate reduces 
the resistance of the host, and it is suggested that this is due to an inorease 
in the acidity of the cell juioes. In the Bame way, the vine is not suscep- 
tible to the attack of the black rot fungus, except when its tissues are rich in 
organic acids (young leaves and fruit) ; the parasite only grows well 
in aoid media, and BUgarsare rather unfavourable to it. There is some 
evidence too that the reaction of the Boil is of importance in the root 
diseases caused by species of Rosellinia, which are said to be most severe 
in aoid soils. On the other hand, the wilt parasites of the genus Fusarium 
are not checked by even heavy doses of lime and are evidently tolerant 
of alkalies, as is shown also by their behaviour in artificial culture. 

The above are some of the ohief conditions in the surroundings which 
aid or check parasites in their growth, multiplication, and spread. It 
will be observed that they fall naturally into two classes : those which 
are controllable to some extent by the practices of good cultivation and 
plant sanitation ; and* those that, being dependent on conditions of 
climate and the like, cannot be modified by any means at our disposal. 

Virulence, — It seems probable that when all such external conditions 
which influence the parasitic activity of a fungus are allowed for, there is 
still another factorwhich may afleot the intensity of the attack. This is the 
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innate virulence of the parasite, a sufcjeot about which there is little 
reliable information as regards the fungi, though it is well known to be of 
primary importance in many bacterial diseases. 

Variations in virulence between different races or strains of the same 
fungus seem to be manifested in the following oases. 

• Occasionally it has been observed that a normally saprophytio f ungua 
assumes parasitic activities. Some instances have been referred to above 
(p. 43), but the total number reported is small and it is not certain 
that weakness of the host plant may not have played a part in assisting 
infection in some of them. More definite is the evidence regarding “ bridg- 
ing species/’ where a fungus that normally is unable to infect a certain 
host can be got to do so by cultivating it for a time on another host. Thus 
the black rust of wheat can be grown on barley and the spores formed on 
the latter will then infect oats, though direct infection from wheat to 
oats will not occur. 

Another frequently observed fact is the great intensity of the attack 
of newly-introduced parasites and the subsequent gradual decrease in 
virulenoe. Thus the hollyhock rust made the cultivation of this plant 
almost impossible in England when it first appeared in 1873, but now 
often does little damage. So also the oak mildew was very virulent 
when it first reached Europe about 1907, but in the last few years is Baid 
to be waning in France and Austria ; and the carnation rust did great 
damage in the United States on its first introduction in 1890, but began 
to decrease about 1896. 

In India, coffee leaf disease seems to have lost a good deal of its viru- 
lenoe since the bad years that followed its first appearance in 1869. It is 
difficult in these oases to separate the factors which alter the resistance 
of the host plant from those that affect the parasite, but it seems probable 
that alterations in the innate virulenoe of the latter are at least sometimes- 
responsible for the changes observed. A case in point is the behaviour of 
the coffee leaf disease on some of the resistant varieties of coffee ipoported 
from Africa to the East. 'When Liberian ooffee was first introduced 
to Java, it suffered little from the disease, but it is now attacked with 
approximately the same severity as Arabian. So also robusta coffee is now 
sometimes scarcely less injured than the older varieties, though it gained 
a great reputation as a disease-resister when first grown in 1901. It has 
been held that this is a good case of a parasite getting gradually accus- 
tomed to a new host, though on the evidence as yet available it is Boaroely 

B, DIO t 
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aafe to exclude the possibility tlut a gradual loss of the resisting powers 
•ef the host under new surroundings sufficiently accounts for the facts. 
Nevertheless it is probable that fungi must possess the power of gradual 
adaptation to a host that at first is relatively resistant. No other explana- 
tion seems sufficiently to account for the existence of the specialised races 
of certain parasites, each confined to one or a few of the hosts of the 
species. It is supposed that through long growth on a particular variety 
of host, the fungus becomes so accustomed to one set of conditions that 
it loses its power of living under different conditions. 'When forced to 
grow on a less congenial variety, it again gradually becomes adapted to its 
new conditions. Thus black rust kept confined to the relatively resistant 
einkom wheat for a number of generations has been found to become 
progressively more vigorous, while at the same time losing to some extent 
its power of infecting the common wheat from which it was taken. Herice 
specialisation of parasitism is apparently an adaptation acquired by 
fungi in order to overoome the natural resistance to attaok possessed by 
certain species and varieties of the host ; and the factors which limit 
each form to its special hosts must be essentially the same as those which 
influence the predisposition or immunity of plants to disease. 

. <•* 

Conditions affecting the host : Predisposition : Immunity. — 
Individual plants, like man, vary greatly in their resistance to disease ; 
some seem to be specially predisposed to attaok, others are relatively 
immune. It is not yet possible, however, to get a clear idea of the causes 
which produce this variation in the power of resisting a disease ; the 
factors are exceedingly complex and their interaction is so dose that 
it iB often difficult to determine the effect of any single one. 

At* • 

Resistance to one disease does not necessarily imply resistance to 
another. Thus potatoes resistant to early blight (AUemaria Solmi) may 
be very susceptible to Phytophthora. A variety of flax that is highly 
resistant to wilt may be severely attaoked by rust. Rivers cotton in 
the United States resists wilt but not bacterial, blight. American Club 
wheat is relatively immune to yellow rust but not to black at Cambridge, 
and Bobs wheat is not injured by the latter but gets orange rust in some 
parts of South Africa. Even the resistance of one part of a plant may not 
be the same as that of another. The age of the part attacked may have 
a considerable influence. So also the foliage and the tubers of a potato 
may have different powers of resistance to blight, and the leaves and 
fruit of the grape vine to mildew. Hence we have evidently to do with a 
Character which must depend on subtle variations in the structure or 
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oomppsition oi the host, and the difficulty of investigating these variations 
will be Apparent. 

It is useful to distinguish between disease avoidance, disease endur* 
-anoe, and true disease resistance. 

Plants often avoid disease not because they are more resistant but 
merely because they ripen too early or in some other way are in a condition 
to escape injury at the time when the disease usually develops. The 
early maturing varieties of groundnuts introduced into cultivation in 
India may suffer little from thetikka disease because their nuts are already 
formed before serious injury to the leaves occurs. Similarly, early 
potatoes may escape blight in years when the late crop is ruined, because 
the disease often does not begin to spread until the latter is ripening. Late 
peas are so severely attacked by the powdery mildew in some places that 
their successful cultivation is impossible. In these oases, experiments 
have shown that the early crop is not in any way immune when exposed 
to infection. In the same way, early or late sowing may enable a plant 
to escape a disease that attacks in the seedling Btage, as in some cereal 
smuts and Helminthosporium on barley, where the temperature limits 
of germination of host and parasite are different, and in cabbage wilt, 
where infection has been found in the United States only to take place 
when the soil temperature exceeds 17°C. 

Plants may endure disease owing to a high degree of vigour. Weakly 
plants naturally suffer more than those that are luxuriant in their growth, 
when exposed to the same amount of infection. This is well marked in 
coffee leaf disease, where the first invasion in Ceylon occurred on some 
of the best young plantations in the island and the fungus actually grows 
better on strong leaves, rich in nutriment, than on those of weakly bushes. 
Yet the damage caused is so much more in the latter case, that the disease 
iB habitually fought by increasing the vigour of the bushes by heavy 
manuring and good cultivation. The stronger the plant, the better it 
can cope with the drain on ite eesouroes caused by the Iobs of leaf, and form 
new leaves to replace those destroyed. Sometimes the success of the 
more vigorous plants in resisting injury is due to the more rapid reaction 
of their tissues so as to check the extension of the parasite. The protec- 
tive reactions made use of, particularly the formation of cork around 
tits invaded part, have been already described (p. 100) ; and in such 
a case as the red nut of tea, the rapidity with which a strong bush can 
undergo these changes is undoubtedly one ofjthe chief reasons why the 
disease is only severe on poor gardens. Nevertheless the argument must 



1 16 


FUNGI AND DISEASE IN PLANTS. 


not be pushed too far, for there are many oases, particularly with rapidly 
acting general parasites such as Phytophthora infestans or Pythium de 
Baryanum , where the intensity of the attack bears no relation to the 
vigour of the host. 

In the above oases, the amount of infection may be the same on 
weakly as on strong plants, though the results may be very different 
In another group in which variations in strength or weakness of the host 
affect the result, there is an actual difference in the number of infeotions 
that may succeed, in individuals of varying vigour. In these oases, there 
is a variation in the true disease resistance of the host and not merely 
in ifa^pittranoe of the attaok. The whole group of weak parasites can 
SAsWhuy only infect hosts whose vitality is low, and when in contact with 
strong individuals they may fail absolutely to effect an entry. In other 
oases, the subsequent development of the parasite within the tissues may 
be stimulated by lowering the vitality of the host, as in the generalised 
attacks of maize smut on plants which have been exposed to «kher vapour. 
So also it has been observed that epidemics of red rot and rind disease of 
sugarcane often follow severe attacks of insects such as oane fly, and it 
oan easily be noticed that the total number of infections which develop 
in such oases is much greater than on canes not weakened by these pests. 
There is reason to believe also that the injurious effect of factory smoke 
may lower the resistance of plants to certain diseases, such as oak mildew 
in Europe. Opposed to these are the oases where successful infection 
only occurs on healthy individuals. They are fewer in number, but are 
well marked in some of the downy mildews, in white rust of crucifers, in 
some Erysiphaoese as E. Cichoracearum, and in infection with the 
uredospores of many rusts. In the rusts too, it has been found that the 
development of the uredo stage, usually the most important for rapid 
spread, is interfered with as the vitality of the host dwindles ; its 
vigour is directly proportionate to the vigour of the host. 

Amongst the circumstances which may affect the general vigour of 
a plant, and so render it more or less liable to certain diseases as just 
described, there are many that depend on external conditions which oan 
be controlled by methods of cultivation, manuring, and the like. It is 
unnecessary to enter here on the importance of tillage, drainage, spacing* 
and other practices of good agriculture in promoting luxuriant growth. 
It is sufficient to repeat that certain classes of disease (but by no means 
all) can be modified in their severity by securing a luxuriant development, 
both of the roots and of the above-ground parts of the crop. 
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Another class of external circumstances that may affect the true 
resistanoe of plants to disease is the climatic and soil conditions to which 
they are exposed. Why these so act is not usually known, hut there are 
several observations which indicate how great their influence sometimes 
may be. It has been found, for instance, that alder trees suffer more 
.severely, in Germany, from the wound parasite, Valsa oxy stoma, when 
growing in meadow land than in their natural habitat in swampy ground, 
though the reason for this is not known. , Larch canker is worst on oal- 
careous soil and is rare on siliceous. The dryer side of the island of 
R6union grows arabioa coflee well where the soil iB deep, but in shallow 
soil it gets severely attacked by leaf disease, and this difference in the 
intensity of the attack may be noticed in bushes only a few yards apart* 
In India, heavy soils, liable to water-logging, tend to predispose to red rot 
of sugarcane, though the plants may show the greatest luxuriance of 
growth ; this seems to be due not to increased activity of the fungus 
but to infection at the nodes occurring more readily than in oane grown 
on higher land. 

With regard to climatic influences, it is well known that unacolima- 
tised plants are often more severely attacked than those that have become 
acclimatised in a new locality, though their growth may otherwise be 
satisfactory. So also the resistanoe of the host may be lowered by tem- 
porary conditions of the weather, though it is often hard in these oases 
to exclude the influence of weather changes on the parasite : in other 
words, it may be that what has been sometimes regarded as increased 
susceptibility of the host is really nothing more than the development 
of conditions favourable to the growth or reproduction of the parasite. 
Thus it has been observed that blaok rot of the grape is more abundant 
when humidity has caused a vigorous, sappy growth of the vines. Pota- 
toes are also said to be more susceptible to blight when the leaves are 
turgid, a condition often depending on climatic changes such as cloudy 
weather. Bxoessive shade may produce the same result by checking 
transpiration, but in thiB, as in many similar cases, the infective activity 
of the parasite may also be stimulated by similar conditions and may 
be the chief factor in increasing the disease. This is well shown in the 
blaok thread disease of rubber, where too dose planting increases the 
attack by giving conditions favourable to the reproduction of the fungus 
but does not in any way alter the susceptibility of the tapped surface. 
In the same way, the effect of a fall of temperature in starting the 
Phytophthora blight of potatoes has been proved to be due to increased 
germination of the sporangia and not to any change in the susceptibility 
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of the host, "while the influence of dry weather at flowering time on the loose 
smut of wheat is to increase the disease simply because the glumes open 
more widely and expose the stigma to infection. Frost has been found to 
predispose to diseases such as pear soab and various oankers of the woody 
parts of trees, but the action is probably similar to Wounding in that 
it allows the parasite to enter by destroying the outer protective tissues 
of the host and exposing the inner layers to attack. 

It was at one time believed that varieties which possessed inheritable 
powers of resisting specific diseases, could retain these powers irrespective 
of the conditions, climatic and other, under which they were grown. Of 
late, a good deal of evidence has become available to show that this is 
not so, and that resistance may be broken down by alterations in the 
surroundings. Thus the wilt-resistant hybrid watermelon known as 
the Conqueror has preserved its character in the eastern United States 
but lost it when transferred to the Pacific Coast. So also several wheat 
varieties have been found to become badly attacked by rust at the famous 
Svalof Station in Sweden, though almost immune under other climatic 
conditions. One of the pure line selection wheats from th^ Station 
imported on two occasions direct to Franoe, died out in a couple of 
generations from sterility caused by severe attacks of black rust, whereas 
the same pure line variety, imported after growth for a time at Hohenheim 
in Germany, survived. In South Africa too, the Australian rust-resisting 
wheat, Bobs, remained exceptionally immune to black rust at Pretoria, 
but in the low country and elsewhere was badly attacked. Australian 
rust-resisting wheats have also been found to become freely rusted in 
India, but as the variety of rust concerned was not recorded and they 
were exposed to a rust ( Puccinia glumarum) not found in Australia, it is 
possible that their resistance was not really tested. Einkoro wheat, 
which resists all three rusts, remained 'resistant when imported from 
England to Lyallpur until killed by heat in May, but at Pusa, though 
resistant up to April, it became badly attacked by black rust in May 
and June. In South Africa, another similar case has been observed, 
barley remaining free from black rust in winter, even though grown along* 
aide badly rusted wheat and known to be mildly susceptible to inoculation 
from wheat under normal conditions ; whereas in summer it is frequently 
attacked. 

The true resistance of a plant, or part of a plant, when exposed to- 
infection, must depend, bo far as is knows, ea anatomical or on physio- 
logical conditions of -thertissues. In most of the eases jhrsn abuse, tbtife 
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k nothing to show whether the {actors act chiefly by causing changes in 
structure or chiefly by physiological alterations in the cells. In other 
oases, however, it is possible to form an idea of the relative ixnpestanoe 
of the two sets of conditions, anatomical and physiological, though the 
boundary line between them is by no means sharp. 

The anatomical characters which may influence susceptibility have 
been in part considered in the section on infection (p. 72), where it 
was shown that the state of the surface layers, presence or absence of 
hairs and stomata, thickness of the external walls, early or delayed 
formation of cork, and the like, may play an important part in aiding 
or hindering the penetration of the germ-tube. The age of the part 
attacked may influence the readiness with which penetration occurs, owing 
to the alterations in the structure of the outer layers as the tissues mature. 
This is especially noticeable in the case of parasites that attack stems 
and roots, as the red rust of tea and the root diseases caused by RoBellinia 
and Ustulina, where the amount of cork formed may determine whether 
an infection succeeds or fails. The same is probably the reason why 
larch canker has been found to attack young trees from seven to fifteen 
years old most readily. Growth in particular soils may possibly cause 
anatomioal conditions that influence infection. Thus the amount of bloom 
on barley leaves may be increased in alkali soils, and this may reduce 
rust owing to water running off such leaves. The variation in structural 
characters found in different varieties of the host plant may be important 
also. Thus the more waxy varieties of raspberries are those least damaged 
by ConiothyTium. Similarly, potatoes with small, hairy leaves and an 
open habit of growth, dry quickly after wetting and are henoe less liable 
to blight. In some pears there is an open channel from the calyx to the 
carpels, and these are particularly prone to the disease caused by Fusarium 
'putrefaoiens. Wheat varieties with very open glumes are said to be 
especially liable to loose smut. Moisture may also affect the protective 
parts of the plant, a humid atmosphere leading to fewer hairs, a thinner 
and later-formed cuticle, and relatively less meobanioal tissues and more 
* parenchyma. The resistance of certain varieties of plums to brown 
rot ( SderoUnia einerea ) has been shown to be in part due to the pegging 
of the Stomatal openings with masses of parenohymatous oefls ; in the 
leas resistant kinds, only a few layers of flattened oells are formed below 
the stomata and penetration through the latter can occur. In this case, 
there is a further power of resisting attaok after penetration, which deems 
to depend on the chemical composition of the middle lamella of the cell 
walls. In the resistant sorts, the hyph® are not readily able to dissolve 
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a passage between the cells. Possibly also the slow growth through the 
tissues allows of the accumulation of toxins formed by the fungus itself 
and capable of inhibiting its growth. As the plums ripen, susceptibility 
may increase, owing to a natural softening of the middle lamella so that 
the hyph® can rapidly extend between the cells ; this is found chiefly 
in the softer varieties and consequently the disease does most injury to 
soft-fruited kinds. Henoe susceptibility to brown rot depends on several 
different factors, and the same is probably tfue for many oases of the kind. 
Another instance of the effect of anatomical structure on disease resistance 
is found in some of the cereal smuts. Each stage in the infection is depend- 
ent on the age and structure of the tissues, and even after the young 
-shoot has been entered, the mycelium may be checked by the barrier caused 
by the differentiation of the vascular tissues at the primary node ; only 
those hyph® that penetrate this barrier before differentiation has progressed 
far, can reach the growing point and continue their development. 
Henoe varieties that pass through the early stages of growth rapidly are 
Telatively immune. 

Many of the protective reactions made use of by plants in checking 
the invasion of a parasite are manifested by alterations in the mmute 
anatomy of the tissues, but evidently must have their origin in 
physiological stimulation of the living substance of the cells and so 
do not properly come under the present head. In the same way 
the predisposition to certain diseases caused by etiolation (as in lettuces 
grown under frames in regard to mildew) is essentially physiologioal ; 
the thin cell walls of such plants aTe due to disturbances in metabolism, 
And such disturbances are further shown by the lesser amount of sugar, 
protein, and volatile oils found in shaded plants- as compared with those 
grown in full light. The more closely such cases are examined, the more 
the physiologioal factors are seen to predominate over the anatomical. 

Physiologioal conditions in the tissues of the host plant are without 
doubt the most important (as they are certainly the least known) of all 
the factors that influence predisposition or immunity. They may some- 
times* be distinguished from anatomical conditions in that whereas the 
latter usually act by influencing penetration or growth of the hyph® in 
a more or less mechanical fashion, the physiologioal powers of resistance 
frequently do not affect penetration but result in the subsequent death 
or inhibition of growth of the hyph®. 

Several cases have been already referred to where parasites can 
penetrate the wrong host plant but fail to become established. Barley 
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is not injured by mildew from wheat, though when oonidia from the latter 
•are germinated on a barley leaf, a haustorram is formed in the usual way. 
•Subsequent growth is apparently impossible, because the fungus dees not 
get the right kind of food. So ako Venturia inaquaUa from apple will 
send infection hyphffi into the cuticle of the pear, and V. pirina from 
pear into that of the apple, but the mycelial growth is scanty and soon 
.'dies off. In the rusts, it has been found that the germ-tubes from the 
•uredospores can enter the stomata of the zhost diverse plants, but further 
.growth only takes place on the hosts proper to the species. 

The behaviour of immune or resistant varieties of the proper host has 
also been investigated in some of the rusts. In the brome grass rust, it 
has been established that liability to infection is altogether independent 
-of the structural characters of the variety. The thickness of the cell wall, 
presence or absenoe of bloom on the leaf, number of stomata, hairs, and so 
on, have nothing to do with infection, which depends entirely on the 
nature of the cell contents. In several cases (as in oereals resistant to 
black and yellow rusts, and chrysanthemums resistant to Puccmia Chrysm- 
themi ), entry through the stomata takes place in the usual manner, but the 
infection hyphee form few or no haustoria. The cells of the host that 
surround the infection hyphffi are killed, and as the fungus can only grow 
-on living plant tissues, it is checked by the barrier of dead oells around it 
and soon dies. Certain varieties of apples and pears have also been 
observed to suffer little damage from the parasites that cause scab (Ven- 
turia) for the same reason, the too rapid death of the cells preventing 
the myoelium (which requires living food) from further growth. Henoe 
immunity may really be due, in some cases, to hyper-sensitiveness of the 
living part (protoplasm), of the cells. 

In many oases, physiological resistance to disease seems to be connected 
with the composition of the cell sap. Organic acids, tannins, and 
various other bodies play a part. In black rot of grapes, the readiness 
with whioh the leaves and fruit are infeoted at different ages has been 
-correlated with the amount of organic acid (tartaric) in the plant juices, 
-diminishing as the acid content falk. Those varieties that are rich in 
acid and form sugars late, as the Folle-blanohe, are less resistant than 
those, like the Clairette, whioh have little aoid and early beoome rich in 
sugar* On the other hand, wheats resistant to rust have been reported 
in some oases to have a higher percentage of aoid than the susceptible 
kinds, and the quantity of acid as well as the resistance to rust are said to 
increase with the altitude at whioh the wheat is grown. In certain fruits 
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and green parts of plants, it has been shown that the cell sap contains 
an oxidising enzyme, capable of acting on substances such as gallic acid to- 
form a tannin-like body which is toxio to fungi. Any injury, such aa 
those that result from fungus attaok, can start the reaction. As ripening 
progresses, the amount of this oxidase diminishes and the partB become 
more susoeptible to attack. This is held to explain the injury caused 
to mature fruit by various ripe rots that do little harm to those not yet 
ripe. In other oases, it appears probable that the sugar content of the 
cells is of importance. Thus the fungus that causes red rot of sugarcane 
is often present in the base of the plant from an early period of growth, 
but remains in a more or less dormant condition until the sugar content 
of the cane reaches a certain point. From about the sixth month onwards, 
the fungus progressively becomes more active, until the crop approaches 
full ripeness. In mildew-resisting varieties of the grape vine, it has been 
noticed that the leaves lose their resistance in the autumn at the moment 
when food reserves are being stored up in the neighbourhood of the buds, 
but the changes that produce this result do not seem to have been 
examined. 

f* 

The influence of nutrition on physiological resistance is sometimes 
very marked. It has been studied chiefly in connection with the action 
of various fertilisers on the intensity of certain diseases. 

An excess of nitrogenous nutrition has long been known to predispose 
to some diseases. This is most marked with the rapidly assimilated 
nitrates. It has been found in Franoe that a heavy dressing of nitrate 
of soda is sometimes sufficient, by itself, to lead to the development of grey 
rot in grapes, a disease caused by a universally distributed but rather 
weak parasite, Boiryiis cinerea. Gooseberries become virulently attacked 
by mildew on the sappy growth that results from copious applications of 
farm-yard manure. In potatoes, the injurious effect of too much nitrate 
in predisposing to Phytophthora is well known. In this case, experiments 
suggest that resistant varieties owe their resistance more to internal 
tissue conditions than to any differences in penetrability of the outer 
layers, but that neither the reaction of the cell juices nor the amount of 
tannin present has any connection with the property. Some observa- 
tions suggest that the more starchy varieties, such aa Richter’s Imperator, 
are more resistant than these that are rich in nitrogenous matter. 
In connection with wheat rust also there ate many observations showing 
the effect of nitrogen in predisposing to the disease. Thusart Woburn 
in Bngland, the nitrogenous plots in the manurial series (which has been 
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in existence for over thirty years) have been observed to be more rusted 
than the other plots in the series. In some of the former, e.g>, in thflfc 
"which gets only nitrate of soda, the growth is now far from hixurhwt, so that 
humidity within the crop, owing to dense stand, cannot play an import- 
ant part. 'Wheat and barley mildews in this series are also worst on 
the nitrogen plots, especially that with nitrate of soda. At Eothamsted 
also, the high nitrogen plots are the most susceptible to several diseases 
(inoluding rusts and Epickloe typhina), and the normally manured plots 
may remain quite free, though they are in close proximity and equally 
exposed to infection. In water cultures the same results have been 
obtained with both rust and mildew, as the solutions in which the usual 
quantity of nitrogen required for healthy growth was doubled or quad- 
rupled, gave the worst attacks, and this occurred whether the nitrogen 
was given as sodium nitrate or as ammonium sulphate. A similar result 
has been noticed in tea manurial trials in India, where the amount 
of the die back disease (p. 450) varied directly with the amount of 
nitrate of soda applied. Though it has been found tha| excess of nitrogen 
leads to soft tissues with thin walls and a thin cuticle, it is probable that 
alterations in the composition of the cell sap are more important in pro- 
ducing increased susceptibility in these oases. Uromyces Beta, for 
instance, will grow freely on the bruised surface pf mangold leaves grown 
with excess of nitrogen, but makes no headway when sown on a similarly 
bruised surface of the leaf of a normally manured plant. 

Phosphates are usually believed to increase resistance to disease,, 
but a few oases have been observed where they have the opposite effect. 
Thus a dressing with superphosphate has been found to reduce resistance 
to Sclerotinia Libertiana , possibly by increasing the aoidity of the celt 
juices since the enzymic activity of allied parasites is known to depend 
on the aoidity of the solution. In the lettuce mildew also, phosphate* 
have been found to diminish the resistance of plants grown in water 
culture. 

Salts of potash have a considerable reputation as essential to the 
maintenance of the natural powers of disease resistance in plants. Thus 
at Rothamsted, the potash-starved plots are always the first to succumb- 
to parasites, suoh as wheat and mangold rusts, in bad years of disease. 
Furthermore, potash has been proved in oertain oases to increase disease 
resistance. In water cultures in which the amount of potash necessary 
for satisfactory growth was doubled or quadrupled, a reduction in the 
amount of wheat rust and mildew has been obtained, though this efiec t 
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was not sufficient to neutralise the predisposing action of an excess of 
nitrogen. Similarly, growers of tomatoes under glass have found that 
•the ravages of various fungi oan be checked by potash manuring! and 
there are several other oases where the use of fertilisers such as kainit 
has been found to have a beneficial effect. 

lime has sometimes been found to increase liability to disease. The 
condition known as chlorosis may be induced by an excess of lime, and 
chlorotic plants are known to be more liable to attack by certain para- 
sites, as Septoria piricola on pear. Larch canker and the wheat disease 
caused by Melanospora damnosa are also more severe on calcareous soils. 
On the other hand, those varieties of irises that prefer a limestone soil, 
are liable to be severely attacked by Heterosporium gracile when grown 
in soil deficient in that substance. 

Age may have a physiological as well as anatomical bearing on liabi- 
lity to disease, as is indicated by oases where growth on the older parts 
is feeble, even after infection has been successfully accomplished. Thus 
the cucurbit mil Aw, Erysiphe C ichor acearum, from Cucurbita maxima , 
readily infects the ootyledons of Sicyos angulatus , but gives at mosfc a 
feeble growth on the older leaves. So also wheat mildew cannot infeot 
unwounded mature leaves of Hordeum sylvaticum, but grows readily 
on young leaves, or on wounded old leaves when inoculated on the uninjured 
epidermis near the wound. As the fungus does not penetrate beyond 
the epidermal cells, the lost, of resistance must be physiological in 
this oase. Many other instances are known in which only young parts 
are normally attacked, but as a rule it is not clear whether this is due to 
anatomioal or physiological causes. The effect of ether and heat in 
-allowing generalised attacks of maize smut suggests that the resistance of 
older parts in this case is largely physiological. Somewhat similar are 
the oases where infection only occurs on galls on the host plant, as in Rosa 
arkansana, which has been observed to be immune to the rose mildew, 
except where the leaves bore galls probably caused by a gall-fly. 

These last oases lead to others where the resistance of host plants 
normally immune oan be lowered by injuries, the application of narcotios, 
-and the like. The mere growth of a plant under glass may reduce its 
resistance. Several varieties of wheat are much less resistant to black 
rust when grown in green-houses than in the open, and .the same is true 
of some other rusts and mildews. The immunity of barley to the wheat 
mildew can be destroyed in a number of ways, as by removing a small 
jrieoe of the tissues, pricking with a pin, exposing to slug bites, crushing 
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by pressure, immeiwug in warm water, touohing with a hot knife, or 
exposing to the vapour of ether, ohloroform, or alcohol. Similar results 
have been obtained with the mildew of Euonymus japonic us when tried 
on the immu ne species E. nanus. With the oereal rusts too, the use of 
anaesthetics has been found ,to have some effect m lowering the resistance 
of forms that are normally immune ; black rust of barley has been got 
to attack oats in this way. Wounds seem, however, to have little effect 
in increasing susceptibility to oereal rusts. It has been conclusively 
shown that these results do not depend in any way on the removal of 
physical barriers or on any anatomical or structural injury. The loss of 
resistance is a physiological change, due to some internal alterations in 
the protoplasm or cell sap.. 

From the above considerations of the relation between host and 
parasite, it will be evident that there are various ways by which a plant 
may avoid being seriously damaged by a parasite. It may escape injury 
by the more or less accidental ciroumstanoes that it ripens too early or 
too late to give the parasite the best chances for successful attack, or that 
the weather conditions at susoeptible periods of its life are not suitable 
for infection. It may endure disease and give a satisfactory yield even 
when attacked, owing to the strength and luxuriance of its growth. It- 
may finally resist disease, owing to some — as yet little understood — pro- 
perties of its tissues, especially, as it seems, of the living protoplasm and 
the cell juices. 

Each of these three ways of escaping injury may be (and is in prac- 
tice) made use of in the fight against plant diseases. Early groundnuts- 
are grown to avoid tikka disease ; coffee and tea are made as luxuriant 
as possible by manuring, drainage, and good cultivation, to diminish loss 
from leaf disease and red rust ; resistant varieties of potatoes are intro- 
duced where blight is prevalent. In this last direction the work is as- 
yet in its infanoy where field crops are oonoemed ; but in some countries, 
notably the United States, considerable progress has already been made- 
in the selection and breeding of resistant varieties of crops. 

Selection and breeding of resistant varieties.— 

Many diseases are not easily checked by any direct method of 
_ treatment at present practicable. Such are the rusts of cereals 

and other field crops, and the wilts caused by Fusarium and allied 

fungi. In these cases, use has been made of the observed (differences 

in susceptibility possessed by different varieties of the host plant.. 
Every degree of resistance may occur, from total immunity, such 
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m is possessed by Buri cotton to wilt or by European flax to the 
race of flax rust found on Indian linseed at Pusa, to temporary 
resistance, such as ooours in some thick varieties of sugarcane in 
regard to red rot. It has been found that the character oi resistance 
to a specific disease may be inherited, and that in some oases it follows 
the laws of inheritance first outlined by Mendel. This has made it 
possible by methods of breeding (which it is unnecessary to enter on 
here) to combine by hybridisation the resistant quality of one variety 
with other desirable characters, such as productiveness, of another variety. 
A certain number of resistant hybrids has thus been introduced into 
-cultivation in reoent years. 

Furthermore, it has been found in a good, many cases that mere selec- 
tion of individually resistant plants, without crossing, has given a strain 
that maintains its power of resisting disease often for a considerable 
number of years. Thus several wilt-resisting varieties of cotton have 
been introduced by the United States Department of Agriculture, by 
selecting individually resistant plants and growing the best of them pure 
for several generations, until it was demonstrated that the character was 
definitely inherited. The work has been carried on since about 1900, and 
the results are remarkably satisfactory in that the area under these cott<5ria 
in wilt-infested tracts is now considerable. Deterioration occurs if selec- 
tion is neglected for long, owing to admixture of seed, cross-pollination 
with susceptible kinds, and variation or reversion within the variety. In 
the same way, rust-resistant wheats are being produced in the United 
States and elsewhere. Other successful instances are the Fusarium- 
resisting oowpeas, watermelons, flax, and cabbages, rust-resisting aspara- 
gus, and anthraonose-resisting beans and clover. The production of 
blight-resisting varieties of potatoes in England and elsewhere is mainly 
in the hands of specialists, and the new kinds are continually being intro- 
duced into cultivation. They are obtained chiefly by selection from 
plants grown from the seed, not the tubers. Recently, varieties that 
resist warty disease have- become available. ..In India, variation in disease 
resistance has been observed in several crops, and the wilt-immune Buri 
cotton has been introduced with much suooess into areas where the disease 
is severe. With sugarcane too, considerable temporary improvement 
has been effected by replacing varieties susoeptible to red rot by others 
which resist the .disease for a time. In this case, tbe disease is usually 
only severe in the thick varieties of Cane chiefly grown in the tropical 
(arts of India ; y the thin canes of the north are much loss susoep^ble. 
Thick capes are often grown under conditions which propose to 
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Fed rot* as in heavy, poorly-drained soils, and frequently die out from the 
disease after: a few years. It has been found necessary in certain areas 
to introduce healthy varieties from other parts of India at intervals, and 
no oane has as yet been found which will stand the local conditions of 
cultivation in suoh places as the Godavari delta for long. On the other 
hand, many of the thin canes are highly resistant, and it iB believed that it 
may he possible to introduce this character into thick varieties by crossing, 
as has been successfully accomplished in Java. It is also possible that by 
growing oanes from seed instead of from setts, new varieties of thick 
canes, more resistant to red rot than those at present in cultivation, may 
be obtained by selection, as experience in Java and the West Indies 
indicates that suoh seedling oanes often possess disease-resistant qualities 
to a high degree. 

Occasionally it is possible with woody plants to secure a healthy 
crop by grafting or budding non-resistant kinds on resistant Stocks. 
The classical instance of this is the saving of the French vineyards 
from destruction by Phylloxera through the use of American resistant 
stocks. The same method is being used in India against the Khasi Hills 
orange disease, the cause of which is obscure. 

Deterioration. — There is a good deal of evidence that plants may 
become progressively more susceptible to disease under certain conditions. 
Two ciroumstanoes seem to be especially concerned in this change : habitual 
propagation from vegetative parts not from seed, as in potatoes $nd 
sugarcane ; and growth under conditions of climate and soil other than 
those found in the natural habitat of the plant, as in the cultivation of 
exotics. 

With potatoes, it is a common experience that few varieties last for 
many years in Europe without becoming susceptible to potato blight. 
In the production of new varieties, resistance to blight is one of the primary 
aims, but it is rare to find a sort that can maintain its resistance for many 
years. The more resistant kinds may he disease-free for the first few 
years, but then usually begin to be attaoked and few last much beyond 
20 years. Varieties raised from self-fertilised seed deteriorate, as a rule, 
far more easily than those that result from cross-pollination. Deteriora- 
tion may often be postponed by change from one district to another. 
Thibem grown in Scotland and used for seed in England and Ireland have 
been found to suffer lees from disease than the same variety grown con- 
tinuously in the one district. With sugarcane too, something similar 
has been observed in India. Tht introduction of oanes for planting from 
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other localities has been found, as mentioned above, to diminish loss 
from red rot. Even after a variety has become highly susceptible through 
continuous growth in a particular area, fresh setts of the same variety" 
obtained from another district may give a healthy crop. In Java, it has- 
become a regular practice to grow the seed crop in areas other than those* 
in which the field orop is grown, in order to check the ravages of the obscure 
disease known as “ sereh.” 

Evidences of deterioration are also sometimes found in orops grown 
from seed. Most of the oases reported refer to exotios, which in their 
natural home are exposed to a different environment. Groundnuts seem 
to become progressively more subject to the tikka disease by cultivation 
in India, and the last great outbreak of this disease in the Bombay Presi- 
dency about 1900-02 was effectively dealt with by the introduction of 
seed from Madras, Japan, and the United States. There are indications 
from the past history of the orop in India that varieties grown too long 
in the one district become gradually more liable to tikka disease, and that 
change of Beed is the best way to check the loss. Another similar case is 
the obsoure disease of rice known as “ brusone ” in southern Europe. It 
has been found that this disease can be successfully checked by tye use 
of seed from localities with different environmental conditions. At first 
seed from distant countries, ohiefly from Japan, was used, but of late it has 
been found sufficient to exchange seed between different localities in the 
same country. 

In several of these cases, it has been found that deterioration may be 
postponed by good cultivation. On the Government Farms in India, 
both sugarcane and groundnut have been found to maintain their health 
longer than under the often defective agricultural practices of the ordinary 
cultivators. So also deterioration may be accelerated by neglect, and 
disease resistance in potatoes and sugarcane is soon lost through bad 
cultivation. 

The factors concerned in these oases are unknown, except that they 
are in the host not in the parasite. That plants propagated vegetatively 
may become worn out through age, and hence more subject to disease, is 
probable. That “ ohange of air ” may have a beneficial effect in checking 
deterioration is clear from our own experience. That organisms, living 
for many generations in countries in which they may not become perfectly 
adapted to the olimate and mode of life, degenerate, is also not opposed 
to experience with man and the higher animals. But what the exact 
factors are that cause these changes, and how they are acted on by the- 
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external conditions is not known, and attempts to check deterioration are 
hampered by this want of knowledge. 

Epidemics.— An epidemio may result from the action of a single factor 
or from a combination of several. In many oases, thamere introduction of 
the parasite into a new area, where the host exists, is sufficient, and some 
of the ipost disastrous outbreaks of epidemio disease in plants have arisen 
- in this way (vine diseases in Europe, chestnut blight in the United States, 
blister blight of tea in Darjeeling). In others, as in wheat rust, the occur' 
renoe of particular climatic conditions at a certain season may oause a 
generalised attaok. It is probably safe to say that every year is poten- 
tially a year of severe rust in the wheat crop in India. The parasite is 
sufficiently widely distributed throughout the fields to give rise to an 
epidemic outbreak if weather conditions become suitable. In the United 
Provinces and western Bihar, the deciding faotor is usually the humidity of 
the air during the months of January and February. An analysis of 
the conditions in three selected, districts, Allahabad, Jhansi, and Benares, 
during the years 1890 — 1903, gave the following results. In Allahabad, 
the four seasons in which humidity was most largely in excess in January 
and February taken together were the four most rusty years. Similarly 
in Jhansi, the three dampest seasons in these months were the seasons of 
worst rust. In Benares, the five years with most moisture in January 
and February combined include the four years of worst rust, while if 
January alone be taken (the harvest being earlier in this district than in 
the others) the parallelism becomes exact. 

In other cases, as in potato blight in the plains of India, several 
factors may combine to cause an epidemio. The disease was possibly 
first introduced into India in the Nilgiri Hills between 1870 and 1880. 
In the north, it broke out near Darjeeling in 1883, shortly after the intro- 
duction of English varieties into the district. It. Bpread rapidly along 
the hills, and is now prevalent in the Himalaya and Khasi Hills wherever 
the crop is grown. In 1901, it was reported for the first time in the plains 
of Bengal, but seems to have died out after oausing a'good deal of damage 
in 1901-2. Nothing more was heard of it in the plains until 1913, when 
a severe epidemio occurred in Rangpur and Bhagalpur, since when again 
it has not been further reported. The conditions whioh led to the 1913- 
outbreak were investigated. It was found that, owing to the ravagesof 
the potato moth, there was little seed available locally from the 191ST 
harvest. As a result, the price of seed potatoes rose very high and a 
large import took place from the Himalaya. The temperature in the 
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plains at the end of the 1912 monsoon was unusually low, especially at 
night, and as the new seed was, in part, got down late, it was not exposed 
to much heat before sowing in October-November. The disease is endemic 
in the localities from which the seed was procured and doubtless many of 
the tubers contained living mycelium of the parasite. In the ordinary 
course of events, such mycelium would have been killed by the heat in 
the plains (as it is known to be unable to survive prolonged temperatures 
in the neighbourhood of 90°F.), but it is probable that imports continued 
after the cool weather had set in and that living mycelium was planted 
with the crop. Conditions favourable to the spread of the disease appeared 
in the latter half of December, when there was much fog and cloud, and 
by January an epidemic was in progress. Attempts to oarry the fungus 
over through the hot weather and rains failed at PuBa, and the freedom 
of the crop in the infected area the following year indicated that, under 
natural conditions, it was unable to remain alive from one season to 
another. Hence the outbreak in the Gangetic Plain in 1913 is to be 
attributed to the action of several distinct factors : the planting of a large 
amount of hill seed likely to be from a diseased crop ; the exposure of 
the tubers to a lower temperature than usual in the plain# before 
planting ; and the occurrence of favourable conditions for the spread 
of the disease as the crop ripened. Any one of these alone would 
probably have failed to produce an epidemic. 

Methods of direet eontrol. 

The use of poisons or other agencies, such as heat, to kill parasitic 
fungi or prevent their spores from infecting healthy plants, is common 
in some countries and with certain crops. It is oapable of only limited 
application in India under present conditions, for various reasons. In 
the first place, it requires to be carried out with certain precautions : to be 
done at the right moment ; to be repeated if sudden rain or other accidents 
are likely to have interfered with the results ; to be applied to the right 
parts of plants, and so on. It is just in matters of this kind that any 
community in which the general level of education is low, as amongst 
cultivators in India, is liable to fail. Secondly, it is often rather expensive, 
and the crop must be of a valuable nature to repay the cost. Hence 
it is more applicable to vines, orchard and market-garden cultivation, 
planters’ crops, and very heavy afield crops, than to the drdinary ran of 
Indian crops. ' However there are certain bases in which it can 
profitably be employed, even in India. Amongst these axe field crops 
«oh as potato and possibly groundnut, where the produce is valuable and 
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in which there is a liability to total or very great destruction from disease. 
It is also practicable in market gardens and in small plots such as are 
often found in villages, where as a result of manuring, much heavier outturns 
are obtained than in ordinary held cultivation. Finally, it is applicable 
to fruits, to valuable garden produce, and to planters’ crops suofy as 
tea and coffee, in which the profits may be sufficiently large and the 
advantages of intensive cultivation sufficiently marked to permit of a 
■considerable inorease in “ cultivation ” expenses with a view to obtaining 
the maximum yield from a given area. 

There are two main classes of parasites which oan be usefully attacked 
by poisons (“ fungioides ”). In the first place, ectophytio parasites, 
passing as they do the greater part of their lives on the surface of the 
attacked plants, may easily be reached by the superficial application of 
a poison. In the second place, those endophytic parasites which are 
disseminated by spores that fall on the surfaces and thus infect healthy 
plants, may be attaoked during or before the sporiferous stage and their 
spores killed, or the exposed eurfaoes may be coated with a substance 
which inhibits infection. 

To the first class belong the conidial stages of the Erysiphaoe© or 
powdery mildews, which live on the surfaces of the leaves of many plants, 
usually sending only haustoria into the epidermal celV All the mycelium 
except the haustoria is superficial, and the spores are produced directly 
on the external hyphse. A spray of some poisonous substance in solution, 
or the gaB given off by powdered sulphur dusted on the leaves, is easily 
■able to reaoh and kill the parasite. 

In the second class are a large number of fungi which live within the 
plant and whose mycelium is therefore out of the reach of superficial 
poisons. These are, however, obliged to oome to the surface to reproduoe, 
and their spores are produced on hyph© exposed to the air. They are, 
therefore, vulnerable at this stage, and the spores oan be directly attaoked 
and killed, or a layer of some poisonous substance deposited by spraying 
on healthy plants, so as to prevent the germination or kill the germ-tubeB 
of those spores which may fall on the surface. 

A fu ngicid e must fulfil two conditions : (1) The poison employed must 
be capable of killing the parasite or preventing infection by it but must 
not be injurious to the host plant. (2) It must be easy to prepare and 
and, reasonably cheap. In applying it, the following rules should 
he observed : — (i) The fungicide must be of good quality and well prepared, 
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otherwise it will not do its work efficiently ; some of the solutions require- 
a little oare in their preparation! others are frequently found on the market 
in an adulterated or decomposed state, (ii) It must be employed at the 
right season ; on warm, sunny days for the sulphur compounds ; not 
during the blossoming period of fruit trees so aB to avoid injury to the 
delicate blossom ; at the time or just before the reproductive period of 
the fungus, when dealing with endophytes, and so on. (iii) It must reach 
the parts of the plant on which the fungus ocours or those parts of healthy 
plants through whioh infection takes place. 

Two chief classes of fungicides are employed : powders, and fluids or 
fluid suspensions. The powders, of whioh sulphur is an instance, are- 
dusted or blown on the plant to be treated. This is best done by special 
bellows devised for the purpose, or the substance can be dusted on from 


Fig. 47. Sulphur during machine*. 

a tin vessel with the lid pieroed with holes (like a large pepper castor) 
or even from a muslin bag ; these are less efficient and economical than 
the bellows. The fluids are sprayed on by a syriqge or special spraying 
machines. With some of these, a spray can be thrown so fine that it 
hangs like a mist. Very many different typos Ore in use and several are 
available in India. 
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Fig. 48. Com pressed -air sprayer in use. 


various sizes, those holding from 1 to 5 gallons being most useful for ordinary 
work. In many parts of India, 4 gallons is about the limit that a ooolie 
<oan conveniently work with. They are filled with the spray fluid, and air 
pumped in until the pressure neoessary for complete discharge is reached. 
^Sometimes the pump forms part of the sprayer, in other oases it is separate 
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and oan be fitted on as required. In the battery system of charging, the* 
pump is fixed to a large reservoir of the spray fluid, and serves to load a 

number of sprayers so as to keep several 
men constantly employed in spraying. 
Each sprayer is first oharged with air 
and the fluid then pumped in to the 
necessary pressure, which is shown on 
a gauge. As fast as one is removed 
from the oharging platform, it can be 
replaoedbv another. When empty of 
fluid, the air remains, and recharging 
with fluid is all that is required. In 
the continuous pumping maohines,the 
pressure is maintained by pumping with 
one hand, while the spray iB directed 
with the other. The knapsack forms 
carried on the baok are the most conve- 
nient. The work is more severe than 
with the pressure sprayers, and the attention of the operator divided 
between pumping and directing the spray. 

Other types which are useful in certain classes of work are the bucket 
pumps and barrel sprayers. Bucket pumps oan be used with any con- 
venient vessel for holding the solution, such as a tub or kerosene tin. The 
pump has a foot-rest on an arm outside the vessel, by which it oan be 
held in position ; while the pump oylinder rests on the bottom of the 
vessel and is worked by a -plunger in the ordinary way. Barrel sprayers 
are generally mounted on wheels, with the pump at the side or end. These 
two classes ar$ most useful for orchard work. Large power sprayers 
are used in orchards and hop gardens in some countries, but there is as 
yet little demand for this type of machine in India, 

In all oases, the spray jet is directed through a tube, part of whioh 
is flexible and may be of any convenient length and part is rigid and is 
held in the hand to direct the spray. The latter is formed by passage of 
the jet through a special nozzle, of which there are several good types. 
The efficiency of the treatment is largely dependent on the nozzle, which 
should throw a fine, hanging mist rather than a broken stream of drops. 
This saves fluid and secures an even deposit on the sprayed parts. 

Before purchasing a machine it is always well to take expert advise* 
stating for what purpose the sprayer is to be used. 



Fig. 40. Continuous-pumping knap- 
sack sprayer in use. 
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Seed disinfection. — This is employed against parasites that are 
carried on or in the seed and is, in some respects, the most successful of 
all the direct methods that have been introduced for oheoking disease. 
It is used chiefly against grain smuts, and is based on the knowledge that 
most of these are carried by the seed from the previous crop, either in the 
form of spores on the surface of the grain or as living myoelium inside 
the tissues. In the first case, the spores are within reach of fungicides, 
and the infected seed may be either steeped in a solution of the poison 
or the latter may be sprayed or sprinkled on the grain heap, which ia 
turned over until all the grains are evenly wetted. Several substances 
are known which are sufficiently powerful to kill the spores without 
causing serious injury to the grain (e.g., formalin, copper sulphate, 
potassium sulphide), and the details of the methods employed in using 
them are given under the diseases against which they are recommended. 
For those oases where the parasite occurs as living myoelium within the 
tissues of the seed, poisons cannot, as a rule, be made use of, because such 
as penetrate the tissues are injurious to the seed. Fortunately it has 
been found that the myoelium is less resistant to heat than the host is* 
and that it is possible, by exposing the seed to heat or by immersing 
it in warm water, to destroy the parasite without seriously affecting 
the resulting crop. The method is desonbed in detail under the loose 
smuts of wheat and barley. 

Soil disinfection. — Attempts to find a practicable method cf 
killing spores and myoelium in the soil, which might be employed on a 
field scale at a reasonable cost, have hitherto failed. Such a method 
would be of value against the Fusarium wilts, Rhizootonia, the root 
diseases of tea, coffee, and rubber, and several other so il-borne diseases, 
and tests have been made with many substances, such as formalin, 
sulphur, and iron sulphate, but have been either ineffective or too 
expensive for practical application. In seed beds and plant houses, 
formalin and other substances have proved of some value, but heating, 
either by steam or by surface firing, has generally given more satisfactory 
results. There is little scope for either of these methods in India as 
yet* Heavy applications of lime are used with success against 
<* finger and toe ” (Plasmodiophora Bramicce) in other countries, but this 
disease has not yet been reported in India. Lime is also employed in soil 
infected with some of the root* parasites of tea and coffee (see p. 441). 

Spray fluid!. — Very many substances have been used as fungicides 
in the past, and the number still employed in certain localities and under 
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speoifio conditions for oertain valuable crops, such as the grape vine, 
is considerable. For practical purposes, however, the list may be 
reduced to a few that have proved applicable under very varying condi- 
tions and that have established themselves as efficient, when properly 
made and employed, in a large number of cases. 

To be effective, the mixtures should be carefully made, aooording to 
the directions, from materials of the best quality. This is particularly 
important in Bordeaux mixture, where the composition and properties 
of the mixture vary considerably, and the dividing line between a good 
and a worthless preparation is narrow. The spraying should be done 
at the proper time, which varies with the crop and the disease, and in 
some cases the mixture must be freshly prepared as required. 

The organisation required to spray a large area, suoh as a tea garden, 
is considerable, and separate publications are available from the scientific 
departments of various Planters’ Associations in India, which give full 
details of the special features of such work. 

When to spray. — Some sprays are applied with a view to killing 
the parasite or its spores, either when in a dormant condition or during 
active growth. The dormant sprays are generally applied to woodv 
plants during their period of rest, in order to kill spores or dormant 
mycelium on the surface of the plant, generally on the woody parts. 
They may safely be employed at a greater strength than when used during 
periods of active growth of the host. In some cases they are enough to 
control a disease sufficiently for practical purposes {e.g. t m peach leai- 
curl), in others they are preliminary to further sprayings, during the 
active period of the host. Spraying with a view to killing the parasite 
during periods of active growth is only practicable, as a rule, with ectopa- 
rasites such as the Erysiphace®, endoparasites being out of reach of the 
fungicide while growing within the tissues of the host. It may be done 
whenever the parasite appears and continued as frequently as is necessary 
to oheok growth and reproduction. 

Most sprays are, however, used to prevent infection by covering the 
healthy parts of the plant with a fungicidal layer. They are usually 
applied when the plant is in leaf, th% first application at or just before 
the period^when the disease appears, and others dften enough to replace 
the fungicide when it gets washed off by rain, or begins to lose its effect, 
or when new leaves are formed that require to be similarly protected. 
If lain falls before the fungicide has properly dried on the leaves, say ' 
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within 12 to 24 hours, muoh may be lost and an early repetition may 
beoome necessary. Hence spraying should be done where possible in 
<lry weather and as early in the day a s practicable. Properly applied and 
well-dried Bordeaux mixture will go through a month or even Bix weeks 
of the monsoon with little loss, in favourable oases, but a fortnight or 
three weeks may be generally considered satisfactory. If growth be 
rapid, new surfaoes may require to be covered every ten days or fortnight, 
but no general rules oan be laid down. When several sprayings are 
required, the use of stook solutions is very convenient. The amount of 
solution required for each spraying varies with the orop and stage of 
growth, but from 80 to 150 gallons per acre are usually enough and 
from 100 to 120 gallons are, perhaps, most commonly required. 

Cost of spraying. — During present conditions, the price of the 
ohemioals required for spraying is very fluctuating, and it is useless to 
attempt to give estimates. The total cost of spraying potatoes against 
blight in the Khasi Hills, excluding* cost of machines, is about 12 to 13 
rupees per acre, Bordeaux mixture being used and two applications of 
120 gallons being given. The extra yield obtained in an average year 
gives a profit of about 100 per cent, on this expenditure. The cost of 
spraying areca palms with Bordeaux mixture and resin, to oheok koleroga 
disease, has worked out at from 8 to 10 rupees per acre for all charges 
exoept cost of machines. In this case, a single spraying, which only 
consumes about 40 gallons of mixture per acre, is given, and the chief 
item is the wages of the spraying coolies who have to climb the trees. 
The resulting profit has averaged about Rs. 100 per acre in Mysore. 

Danger of spraying. — Since many of the fungicides used are poison- 
ous, it is natural that uneasiness has sometimes been felt in regard to 
their use on parts of ^plants intended for consumption. Numerous tests 
have shown that these fears are groundless. Thus, some years ago, there 
was a scare in New York owing to the large amount of grapes oovered 
with Bordeaux mixture that were exposed for sale. Examinations of 
the worst samples obtainable, however, showed that it would be neces- 
sary to eat 3,000 lb. (including the shins) to obtain a dose of copper that 
might be regarded as dangerous. So also it was found in another experi- 
ment that sprayed celery, stripped and prepared for market in the 
usual way, could be consumed to the number of 66,400 heads before 
copper poisoning need be feared. With tea sprayed with Bordeaux 
mixture against blister blight in Darjeeling, it was found that oopper 
-could be detected in the manufactured leaf, but that one would have to 
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consume some 140,000 oups, as ordinarily made, before the amount of 
'topper recognised as a dangerous daily dose would be reaohed. From 
these experiments, it is dear that the oopper sprays are not likely to 
contaminate parts used for consumption to any appreciable extent* 
The other sprays are even less likely to be harmful. 

Physiological effects of spraying.— It is now recognised that 
certain of the spray fluids, notably Bordeaux and Burgundy mixtures 
and the lime-sulphur combinations, exercise, at times, a beneficial effect 
on plants, apart from their fungioidal properties. This effect has been 
chiefly observed with Bordeaux mixture, whidh has been found to pro- 
long the vitality of the green parts of certain annual plants, like the 
potato, and to preserve the leaves of deoiduous trees, suoh as the apple, 
beyond the period at which they normally fall. In potatoes, an 
increase in the length of the life of as much as 25 days has been 
reported, and the resulting increase in yield, even when no appreciable 
disease has been present, is often such as amply to repay the cost of 
spraying. The action of Bordeaux mixture on vine leaves leads to an 
increase in the green colouring matter, and greater thickness, strength, 
and stiffness of the leaf. Suoh leaves remain green longer in Autumn 
than those unsprayed and prolong the active growth-period of the plant. 
Young pear trees regularly sprayed have been notioed to grow much 
faster than those not so treated. The exact manner in which this 
stimulating effeot is produced is not known, but one of the actions 
of surfaoe films, such as that produced by Bordeaux mixture On leaves, 
has been proved to be a marked increase in the transpiration of water. 
If to this is joined an increased activity of the chlorophyll, as seems to 
be established, then increased assimilatory energy would naturally 
result, provided the supply- of water and salts be maintained. Whether 
the absorption of small quantities of copper ,may exercise more 
direct stimulating effects on the plant (suoh as result from small 
doses of other substances not required for the nutrition of the plant, 
e.g., boron) has not been definitely established, as it is difficult to 
exclude the indirect effeot that oopper may produce by influencing the 
bacterial life of the soil. At the same time, there is evidence to show 
that oopper is actually taken into Jibe leaves in small amount, and it 
seems probable that it directly stimulates the vital activities of the plant. 

A similar effeot has been observed to result sometimes from sulphur 
dusting. Sulphured vines may become greener and more vigorous than 
those not treated. In India, too, sulphuring lor reel spider on tea may 
result in the production of an extra flush. 
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Combination of fungicides with insecticides. --Some of the 
substances used as fungicides* notably lime-sulphur, have valuable 
insecticidal properties as well. In other oases, an insecticide may be 
added to the spray fluid without in any way diminishing the activity of 
the fungicide. Thus Paris green may be combined with Bordeaux 
mixture, at the rate of 5 oz. to. every 50 gallons of the mixture. Lead 
arsenate and nicotine may safely be added to either Bordeaux mixture 
or lime-sulphur. 

Bordeaux mixture. — This is at once the earliest, the most widely 
known, and the most generally useful of all spray fluids employed against 
parasitic fungi. Its advantages are (1) its adhesive properties, (2) its 
thorough effectiveness as a fungioide, (3) its relative cheapness, (4) its 
safety to handle, (5) its harmlessness, ordiharily, to the Bprayed plant, 
(6) its beneficial effect on green plants apart from its fungicidal proper- 
ties. Its drawbacks are (1) the necessity of taking some trouble in its 
preparation, (2) the liability of the copper solution to injure vessels made 
of iron or zinc, (3) the occasional injurious action of the mixture on leaves 
and fruit, as on peaches and some varieties of apples and plums, (4) the 
colour which is imparted to sprayed plants, making it unsuitable for 
ornamental plants or for fruit ready for marketing. 

The formulae used for preparing the mixture vary considerably, and 
it cannot be said that there is any general agreement as to the best to 
use. The chief strengths recommended are : — 

4-4-50 

Copper sulphate (bluestone) 4 lb. 

Quicklime 4 lb. 

Water . . 50 gallons. 

This may be selected for general use on fruit trees (except peaohes) 
and on most field, garden, and planters’ crops. 

5-5-50 or 1 per cent. 

Copper sulphate 5 lb. 

Quicklime 5 lb. 

Water . . 50 gallons. 

This is much used in general spraying and is often known as 1 per 
cent. Bordeaux, as it contains 1 per oent. by weight of copper sulphate. 
A 2 per cent, solution, in which the amount of oopper sulphate is doubled 
without increasing the other ingredients, is advocated for spraying 
potatoes against blight in some countries, and the same, with the lime 
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also doubled, is used against; koleroga of the areoa nut in Mysore. The 
2 per oent. solutions, with varying quantities of lime from equal to one- 
third, are still employed in some parts of Europe against vine diseases 
(especially black rot), but the tendtnoy seems to be in favour of the more 
general use of weaker solutions. 

2j*-2J-50 pr \ per cent. 

Copper sulphate . . 2} lb. 

Quicklime . . 2 J lb. 

Water . . . . 50 gallons. 

This weak Bordeaux is less effective as a fungicide than the 1 or 2 per 
oent. mixtures, but has gained favour in parts of Italy, and is also used 
for spraying fruit, trees that are liable to injury from the stronger 
solutions. 

Directions for use . — The mixture should be made up as required 
from the raw materials. There are various ready-made mixtures, pro- 
prietary powders, pastes, and the like, on the market, but none of them 
can be held to have proved equal to the home-made Bordeaux and many 
are practically worthless. 

The raw materials should be of good quality. Copper sulphate 
guaranteed 98 per cent, purity should be obtained and is generally to be 
had without difficulty from reputable firms. Only freshly burnt stone- 
lime should be used ; air-slaked or builders’ lime will not make Bordeaux 
mixture. Where there is a difficulty in obtaining this, as is especially 
the case in many parts of India in the monsoon, Burgundy mixture should 
be employed. After mixing, spraying should be done at once, preferably 
the same day and never after more than two or three days. The mixture 
soon loses its efficacy on standing, and the rate of the ohange depends 
largely on the temperature, being more rapid in hot weather. At 
temperatures above 75°F., spraying should always be done the same 
day, as deterioration may set in within six hours. The colder the 
water used, the better the mixture. 

To make the mixture, dissolve the oopper sulphate in half the water, 
in a wooden vessel, by suspending in a pieoe of gunny saoking just 
immersed. It dissolves slowly and may conveniently be put in over 
night. Then slake the lime in a second vessel with a few pints of water, 
added little by liable, until the bubbling ceases, after which pour in the 
rest of the water. Then mix the two eolations together, either by pouring 
one into the other or the two together into a third vessel. Pour the lime 
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through a strainer to keep back all lumps and stir the mixture all the 
time while pouring. Stir and strain again when pouring into the sprayer. 
Some recommend dissolving the oopper in nearly all the water, keeping 
only enough back to slake the lime and make it oool. This gives a weak 
solution of the copper sulphate and a strong milk of lime. These may 
be mixed by pouring one into the other, preferably the copper into the 
lime. 


It has recently been pointed out that if stock solutions are used'* 
and all the water required for dilution be added to the lime, then a 
galvanised iron vessel may be used for mixing. In this case, all that 
is necessary is to pour the copper sulphate stock solution into the 
middle of the diluted lime solution ; the chemical change which takes 
place makes the copper sulphate harmless before it reaches the sides of 
the vessel. The latter must be thoroughly washed out after use. 

It is often convenient to make up concentrated stock solutions of the 
two ingredients and mix them together when required. For this purpose, 
50 lb. copper sulphate may be dissolved in 50 gallons water in a wooden 
barrel. Similarly, 50 lb. quicklime is slaked in a small quantity of water, 
added little by little, and more water poured in up to 50 gallons. The 
material used for keeping the milk of lime in need not necessarily be wood 
but a barrel is generally the most convenient, ^ch gallon of water 
contains 1 lb. of copper sulphate or of lime, and for use, the necessary 
amount is withdrawn from each barrel and diluted with water before 
mixing together. For instance, to prepare a one per cent, mixture, take 
5 gallons of the copper sulphate solution and add 20 gallons water in a 
wooden vessel, then take 5 gallons from the milk of lime and similarly add 
20 gallons water, finally mix the two together as described above, and the 
mixture is ready for use. The strong lime solutions should always be 
well stirred before drawing off, and poured through a strainer. Even 
after mixing, it is always advisable to pour through a fine sieve into the 
sprayer to avoid danger of clogging. The stock solutions keep well if 
placed under cover and the barrels closed with a well-fitting lid. 


Bordeaux mixture as generally prepared is alkaline, containing an 
excess of lime and turning red litmus paper blue. An excess of oopper 
compounds is dangerous to the foliage of many plants and is indicated 
by the solution turning blue litmus paper red. Another way of deter* 


mining if the mixture contains an excess of oopper, is to immerse a bright 
iron or steel surface, suoh as a knife-blade or a nail, in the upper layer 
of liquid* when a deposit of oopper will form on the metal if the mixture is 
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unsafe. A more accurate test can be made with ferrooyanide of potas- 
sium, a few drops of the mixture being added to a little ferrooyanide in a 
saucer. If no change occurs, the mixture is safe, but if a reddish-brown 
colour appears, too muoh copper is present. More lime solution must 
be added if these tests indicate that copper is in excess, until the excess 
disappears. Some prefer to make up the mixture with no excess of lime, 
using only just enough of the latter to precipitate the oopper — a quantity 
which varies with the purity of the lime, but oan be determined by testing 
frith litmus paper until neither red nor blue litmus changes oolour. It 
is .said, however, that when made up in this way, the mixture does not 
adhere, so well, and is hence not so valuable in practice as the usual type. 
In other modifications, in which lime water is used instead of milk of 
lime and there is no excess of lime, it is claimed that the fungicidal proper- 
ties develop with greater rapidity after spraying than with mixtures 
prepared in the usual way. It has been pointed out, however, that this 
is a doubtful advantage, as it is better to have a mixture which preserves 
its activity than one in which the fungicidal value is ephemeral. It is 
wiser, therefore, to adhere to the methods of preparation given above. 

Bordeaux mixture with resin. 

Washing soda . . . . 1 lb. 

Resin (common resin or colophony) . . 2 lb. 

Water . . . . . . 1 gallon. 

Boil the water, then add the soda. When dissolved, add the resin 
and boil for about an hour, Btirring continually. 

Add this, when cool, to Bordeaux mixture prepared as above, at 
the rate of 1 gallon to every 24 gallons of Bordeaux. 


This mixture has given very good results in the spraying of areca 
palms for koleroga in India, as the resin increases the adhesiveness of the 
Bordeaux to a marked degree. A weaker solution, containing only half 
as muoh resin, haB also proved to be superior to ordinary Bordeaux in 
spraying potatoes in the Khasi Hills. In both these oases, the Bpraying 
has to be carried out during periods when heavy rain is frequent, and 
in all such oaseB it is advisable to use resin. 


Burgundy mixture. — This is sometimes oalled soda Bordeaux and 
is increasing in popularity, especially in localities where there is any diffi- 
culty in procuring freshly burnt stone-lime. It is claimed 
addition, some advantages over Bordeaux in that (I) it 
to the plant and is less easily washed off by rain, (2) it is 


in 
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to make, and (S) it is not so liable to elog the sprayer, as, if properly made, 
there is no sediment. On the other hand,* it is slightly more expensive, 
as soda ‘'costs more than lime. 

2 per cent. 

Copper sulphate .. .. . . 10 lb. 

Washing.Boda .. .. .. 12} lb. 

Water .. .. ..60 gallons. 

This is the standard mixture whioh is extensively used against potato 
blight in Ireland, with excellent results. A similar formula, but with 
varying amounts of soda from 11} to 15 lb., has been long used for vine 
spraying in France. 

1 per cent. 

Copper sulphate . . . . . . 5 lb. 

Washing soda . . . . . . 6} lb. 

Water . . . . . . 50 gallons. 

Equally good results have been got in some oases when this solution 
is used instead of the last. 

0*4 per cent. 

Copper sulphate . . . . . . 2 lb. 

Washing soda . . . . . . 2 lb. 

Water . . . . . . 50 gallons. 

As with Bordeaux mixture, the present day tendenoy is in the 
■direction of employing weaker solutions, and in Franoe and Germany the 
0*4 per cent, mixture iB popular in some localities, especially for spraying 
vines. Strictly speaking, there should be about 2*3 lb. soda in this* 
formula, but the small exoess of copper is allowed, as it is believed to 
hasten the fungicidal action, while not enough to cause injury to the 
leaves. 

Make up exactly as in Bordeaux mixture, using soda instead of lime. 
The materials used should be guaranteed 98 per cent, purity. Test as 
before with blue litmus paper and add more soda solution if it reddens. 
Exoess of soda may cause scorching, and can be deteoted by red litmus 
paper turning blue, in whioh oase more copper sulphate solution must 

beU9ed> * 

Ahmoniagal solution of copper carbonate. 31 

Copper carbonate .. *• .. 5oz« 

Strong ammonia (“ liquor ammonias foxtior ” 

B. P.) 3 pints. 

* Water ^ •• •• «• 50 gallon s. 
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Make the oopper carbonate into a thin paste by adding 1J pints 
water. Then add the ammonia slowly, stirring all the time. This gives 
a deep blue, clear solution with a little undissolved oopper carbonate 
at ‘the bottom. Keep in a well-closed vessel until required, when make 
up to 60 gallons with water. The strong ammonia is dangerous to handle 
in a hot climate and may, therefore, be diluted with five times its volume 
of water as soon as obtained. Naturally five times as muoh of the 
dilute solution must be used to dissolve the copper. 

The mixture is inferior to Bordeaux, and should only be used when 
the stain caused by the latter is objectional, as on ornamental plants and 
on fruits nearly ready for marketing. It leaves no mark on the plant. 

Lime-sulphur. — The lime-sulphur solutions have oome into promi- 
nence recently and have even shown a tendency to replace Bordeaux 
mixture for general use in the United States. It has been found, however, 
that they are not of value against some of the diseases most frequently 
treated by spraying, such as potato blight, and it is probable that they 
will ultimately find their place chiefly in orchard practice, where fruits 
suoh as peaches, plums, and apples are liable to be injured by Bordeaux^ 
and against the powdery mildews (Erysiphaceffi), for which sulphur is 
reoommended, and can suitably be applied in this form. Furthermore, 
the lime-sulphur combination has' proved useful against certain insects 
and allied pests (as red spider on tea), and there is an obvious advantage 
in using it where both fungicidal and insecticidal action is required. 

Concentrated lime-sulphur. 

50-100-60. . 

Quicklime . . . . 50 lb. 

Sulphur . . . . 100 lb. 

Water . . . . . . 50 gallons. 

Place enough water in the cooking vessel (which may be of iron or 
zino, but must not be of oopper) to finish with 50 gallons of the solution. 
Bring to a boil and start agitating it while adding the lime. Then put in 
the sulphur and keep stirring till the lime is slaked and the sulphur well 
broken up. Boil the mixture for from 50 minutes to an hour (but not 
more) stirring from time to time. This gives an orange-red liquid, with 
a small sediment of lime and sulphur. Strain of! through coarse gunny 
sacking and store so that air cannot reach the solution, as in well-closed 
iron drums or in dosed barrels to Which a layer Of mineral oil (aa 
kerosene) has been added. * 
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This gives a stock solution, which must be diluted lor use. The 
dilution oan only be done with the aid of a hydrometer marked with 
degrees 3aum6 for liquids heavier than water, since the concentration 
varies according to the purity of the materials and the details of prepa- 
ration. It is also customary in many places to buy the concentrated 
solution ready made, and the commercial preparations vary within even 
wider limits. The concentrated solution may give a reading of anywhere 
from 28’ to 36° Baum6 or even outside these figures, though from 32° 
to 36° appear to be most oommon for the oommeroial and 28° to 30° for 
the home-made. The strengths suitable for use vary with the plant to be 
sprayed and the season at whioh spraying is to be done, but they range 
for plants in leaf between about 0*5 and 2° Baum£, or a specific gravity of 
between 1*004 and 1*014. In England, a strength of 1*01 sp. gr. has been 
recommended for use on fruit trees, or, in oases where this strength has 
been found to cause injury, 1*005 may be used. The following table 
gives approximately the number of gallons of water that should be added 
to one gallon of a concentrated solution, between 28° and 36° Baum£, 
to make these solutions. 

Dilution table for concentrated lime-sulphur solutions. 


Number of gallons or water to be added to one 

GALLON or THE CONCENTRATED SOLUTION. 


Density or the conoen 



T&ATED SOLUTION IN 

degrees Baume. 

1 

To make 1 01 solution. 

To make 1*005 solution. 

28 J 

22 

46 

20° 

23 

48 

30° 

24 

50 

31° 

26 

52 

32° 

27 

54 

33° 

28 

57 

34° 

29 

4 

59 

38^ | 

r 80 

fti 

36° 

31 

ss 


' *»[«• on dormant woody plants baton the leaves appeal, a 
etnngtbof 1 gallon to 9 to 11 .gallons of wata* gives nttofrrtwy 
mates. 
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Self-boiled lime-sulphur. 

This is a less effective general fungicide than the last, but is recom- 
mended for spraying plants in leaf that are injured by either Bordeaux 
mixture or the concentrated lime-sulphur preparations. It is practically 
harmless even to delicate plants, and is very easily made. 

Quicklime ..81b. 

Sulphur 81b. 

Water .. 60 gallons. 

Place the lime in a barrel and add enough water almost to cover it. 
As soon as slaking starts, add the sulphur. Stir continuously and add 
enough water to make a paste and prevent oaking at the bottom. When 
the violent slaking is over, add more water so as to oool it, as prolonged 
heating is injurious. Then dilute to 50 gallons and strain, when it is 
ready for use. A sieve of 20 meshes to the inch is suitable for straining, 
and all the sulphur should be worked through, keeping back only the 
unbroken lime lumps. A short period of intense heating gives the best 
mixture, bo large lots should be made up at a time, as a small quantity 
of lime will not produce enough heat. 

In making up the lime-sulphur solutions, use only the best materials, 
freshly burnt stone-lime, and high quality, finely divided sulphur, which 
should not be allowed to get lumpy. The self-boiled mixture should be 
vigorously agitated while spraying. It is a weak fungicide and only 
valuable for spraying very delicate plants, such as peaches in leaf. Lime 
sulphur leaves an unsightly whitish deposit on the leaves, and is unsuitable 
on this account for ornamental plants. It is very adhesive, standing 
rain well. Injury may be caused by the concentrated solutions if used 
too strong, the leaves being scorched or caused to fall. In such oases 
very dilute solutions are required, or the self-boiled mixture may be tried. 
The ordinary sprayers used for Bordeaux mixture are partly composed 
of copper and cannot be employed for lime-sulphur sprays ; brass alloy 
or steel (lead-opated with a lining of bitumen mastic) is preferable and 
can be used for Bordeaux mixture also. 

Powders. Sulphur. — This is used in the finely divided form known 
as "flowers of sdphur,” chiefly against the powdery mildews 
-(Eryaiphaoew). It is convenient for garden use, but is likely to be 
replaced in field practice by the lime-sulphur combinations. It is beet 
dusted on by means oi special bellows and, if possible, early in the 
moming while the leaves are still dafep from dew, as it adheres better 



than ii the leaees ate dry. Thebest results an got on fine, want days, 
while reinis injurious as the'jwwdsi ia readily waahed oft. lime ai loot 
is sometimes added, ehiefij with a eisw to diluting the sulphur m that 
it will go further. 

Various other subetanees and eombinatiens have heen prepared in 
powdered form for use as fungicides, but their use has not become general 
and it seems improbable that they will replaee liquid sprays. 
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SPECIAL DISEASES 




CHAPTER VI. 


CEREALS. 

WHEAT {Tnticum Bpp.) 

Rust (Puccinia grammic Pers., Puccmia glumanm Eriks, and 
Henn., Puccmia triticina Eriks.).— Three different forms of rust Sttaok 
wheat in India : black rust caused by Puccmia graminis ; yeti®# rust, 
caused by P. gktmantm ; and orange rust, caused by. P. tr&i6ma. In 
their total effects these parasites cause more damage than do any other 
crop diseases in the country. 

* 

Black and orange rusts ark ’practically of world-wide distribution ; 
yellow rust is more restricted, bring absent, for instance, from South 
Africa and Australia. 

Black bust. — Puccmia graminis usually does not appear on the 
wheat orop until late in the season. It is often not seen until March in 
northern India, a time when the wheat fe in ear. Its onset is first marked 
by an eruption of elongated, brown pustules on the stalk, leaf sheaths, 
and leaves, the stalk being often most attacked. These pustules (uredo 
sori) may be a quarter of an inch or more in length and frequently run 
into one another. They very soon burst, exposing a brown powder 
consisting of multitudes of uredospores. Later on, teleuto sori develop. 
The tefautospores are often, indeed, produced in the same sow as the 
jiredosporea, aad as they are darker in colour than the latter, oric can see 
the pustules gradually change from brown to black as the season advances. 
The position of the teleuto sori is similar to that of the uredo, and they 
burst through the epidermis in the same manner, exposing a black bed of 
teleutospoioa. 

Each ioma Is loaned on s limited myoelmm, the hyphn of which are about 3 5a 
In duufcttilHM o rt e u d be tw een the oella of the plant, sanding small, round os branched 
sachets them and feeding on them. Soon a mass of hyphn oolleots under 

the epM||iMl4i aady hr theasaaon, develops into a uredo sorus From the base 
of tkv AM; mm* *Ulk» arise, and amedoepore is produced at the end 
of dt-Adso spores ruptures the epidermis and they ale set 

free into the air. Bfccfc uxedospora is an oval, brown body, measuring 85 to 30 by 17 
to Wp.^w^epnsisting of a single Cell with a thick wall, provided with tiny spines for 
anchoring the spore to the surfaoe on which it falls. The wall is thinned in places to 
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form what am known as germ-pores, through which the germ-tubes emerge. The number 
of these poms in the present speoies is usually 4, arranged in an equatorial band. 



Fio. to. 1 , Blaek rust of wMjJMis ffntmlnis), t-S, Yellow rust «f wheat 
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The uiedospows germinate rapidly in water or moist air, sending oat a germ-tubs 
■capable of developing into a 'new parasitic mycelium within the plant. A second germ- 
tabe is often formed, but soon oeases growth. The germ-tube does not enter directly, 
but the tip swells up into an elongated appressorium, which measures about 17 by 9 * 
•and lies with its long ‘ tyi* covering the slit-like mouth of a stoma. From this, a narrow 
branch passes into the stoma and immediately, swells up to form a similarly shaped “ sub* 
s to metal vesicle.” All the contents of the germ-tube collect in the latter, and soon a 
hypha arises from one end and grows towards a neighbouring cell, into whioh it sends a 
hjiustorium. Infe ction is now complete and the mycelium can oontinue its growth 
within the plant. From this mycelium, new pustules aw formed in 10 or 15 days from 
the infection, and a fresh crop of uredospores is thrown off into the air. Sinoe a single 
pustule may contain hundreds of spores, each capable in suitable weather of causing 
a new infeotion and new pustules, it is easy to understand how the fungus can multiply 
and spread through a field, until every plant ih infected and even the ground is ooloured 
by the shed spores 



» »«->aw igg-.A;gaasi.*-g.f SUE'S 

Ess* o£T"“ * — ■ *-* — 


Urn Meutonri arise on the same mycelium, later in the year. The spores differ 
f rp m the last in being firmly fixed on their stalks, and composed of two oelle with a thick, 
smooth well They aw chestnut-brown in colour and measure 40 to 60 by 15 to 20*. 
Bach ceUhasa genfc-pore, that of the upper being at the apex and that of the lower at 
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the side, just below the septum. The spex is rounded or pointed, rarely flattened, and 
its wall much thiokened (up to 12/a). 

Unlike the undo, these spores are not oapable of germination immediately they are 
formed, but must go through a period of rest of several months. Hence they are not 
intended for rapid spread, but are “ resting spores *' to cany the parasite over to the 
following season. This they are known to do in other countries, but they seem to have 
lost their power of germination in the plains of India. 

On germination, the teleutospore gives rise, from each oell, to a peculiar type of germ- 
tube called a promyoelium. This is a short hypha, divided into four segments, from 
each of which a little branch (a “ sterigma ”) grows out and bears at the end- a small 
roundish sporidium. The sporidia fall off easily and are blown about. If they fall in a 
moist place, they germinate. The germ-tubo which comes from a sporidi um is unable to 
infeot the wheat plant but oan enter the leaf of the barberry, a common shrub in the 
Himalaya and other Indian hills. Entry takes plaoe directly through the epidermis, not 
into a stoma. Inside, a mycelium is developed whioh causes a small yellowish patch on 
whioh two further types of fructification are produoed, spermagonia on the upper 
followed by «eoidia on the lowor surface. 

The spermagonia are little flask-shaped spore oases, which oontain minute spores 
(“ spennatia ”) that appear to have no present function. The recidia are yellow, 
cup-shaped receptacles, formed beneath the epidermis. Each is composed of a sterile, 
membranous wall (“ peridium ”) enclosing chains of yellow moidiospores arising from 
the base of the cup. With their growth, the epidermis is ruptured and the membranous 
envelope protrudes. This in turn bursts at the apex and is turned baok, the tom edge 
forming a serrated rim to the cup. The spores thus set free are readily disseminated by 
air currents. They are roundish or angular, measuring 14 to 26/i in diameterfand have 
a spiny wall with about 6 germ-pores. They are capable of immediate germination but, 
like the sporidia, their geml-tubeq cannot infeot the plant on whioh they were borne. 
Their function is to carry the fnngus baok to wheat, whioh they oan penetrate through 
the stomata to form a parasitic mycelium and ultimately uredospore pustules. 

Pucdnia grammis is a “ heteroecious ” rust, requiring two host 
plants, barberry and wheat, to go through its whole development, just 
as the malarial parasite requires in turn to infeot a mosquito and man in 
order to complete its full life. 

In some countries, the ©oidial stage of the rust on barberry has been 
altogether lost, and probably in all, the fungus is able frequently to 
dispense with this stage. Thus in Australia, where blaok rust is oommon 
and has been known since 1825, its soidial stage has never been found. 
South Africa and Ecuador are similar oases. In Lidia, black rust occurs 
every year in the centre of the country, hundreds of miles away from 
the nearest barberries, as these are only found in the Himalaya and a 
few other of the higher ranges. The soidial stage of P. grathinia has 
been found on barberries near Simla and probably also oocurs in the 
Kumaon Hills, but these localities are too far away from Central India 
to have auy connection with the black rust of the wheat fields there* 
Besides, this parasite is one which is specialised an 'its host plants to a 
remarkable degree. It is known to occur on many oereals and grasses,. 
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but has become split up into biological species (p. 61), so that the form 
on one host is not able to infect certain of the others. Black rust, for 
instance, attaoks oats in many countries but the form on wheat oannot 
live on oats, nor that on oats on wheat.* Hence it is common to find 
oat fields quite free from rust alongside wheat fields badly attaoked by 
black rust. In fact, though black rust is so common on wheat and barley, 
it has never been found on oats in this country, as apparently the race 
which can live on oats has not yet been introduced, or at least has failed 
to become acclimatised. Now the eecidium found on barberries near 
Simla has been shown to belong to the black rust of a jungle grass and 
is not connected with the black rust of wheat. Similarly, the barberry 
aecidiospores in Kumaon could not be got to infect wheat and probably 
belong to some other race of the parasite. Hence, in India, the reoidial 
stage is of no account to the parasite but the latter passes all its life on 
wheat only. It is probably in connection with this fact, that the 
teleutospores oannot be germinated in India or South Africa ; having lost 
the 8Boidial stage, their germination would serve no useful purpose. 

Yellow rust. — Puccvnia yhimarum is usually of earlier appearance 
than P. gramvnis , coming out as a rule before the grain is formed. In 
mild attaoks, the uredo pustules are found chiefly on the leaves, but in 
more severe oases they appear on the sheaths, stalk, and glumes as well. 
The green colour of the leaf fades in long streaks, on which rows of small 
uredo pustules appear. Each row consists of a series of oval, lemon - 
yellow pustules arranged end to end and each distinct from that above 
and below. In severe attaoks, this serial arrangement tends to be lost,, 
large patches being covered with crowded pustules. The uredospores 
do not break through the epidermis as quickly as in the other rusts, but 
do so eventually and quantities of yellow spores are shed. 

The teleuto sori appear later as dull black patches or spots, chiefly 
on the under surface of the leaves, but also on the other parts. Like the 
uredo, they are often arranged in rows. They do not burst through the 
epidermis as in black rust, but remain as flat black crusts. 

' * In the United Statee, it has been found that though the form on wheat cannot infeot 
oats direotly, it oan do so if first passed through barley. In India, barley is scmetimea 
attaoked by the fungus from wheat, and the abeenoe of the rust on oats near rusted barley 
fields indicates that even in this case it oannot infeot oats here. Climate may have 
something to do with this difference between the rust in the two countries, for it has been 
observed in South Afrioa that barley is highly susoeptible to the attack of black rust from 
wheat in summer, while in winter it is immune. Indian oats grown in the Transvaal 
wore badly attacked by P. graminit, which presumably came from the local oat crop. 
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The uredosporee are nearly round, not oval aa in black rn»t. They measure 89 to 
35 by 20 to 35/i, and hare a colourless wall provided with fine epinee and with 6 to 10 
eoattered germ-pores. 

On germination, a small, fragile appressorium forma over a atoms. The tube of entry 
ewells up to a large, thick-walled, cylindrical aub-etomatal vesicle, up to 19/1 broad and 
plaoed just below the slit. From this an infection hypha an see. The mycelium extends 
rapidly by means of longitudinal “ runners,” whiob have no haustoria and may remain 
unbranohed for a eonaiderable diatanoe. Other short, branching hyphae, with dub-shaped 
or arborescent haustoria, obtain food from the oells. The hyphae are very thick, 10 to 19 p 
aoroas, until they oolleot beneath the Btomata to form son, when they are only 3*5 to 
Oju in diameter. 

The teleutoe pores are dark brown, often flattened at the top, and measure 35 to 83 
by "12 to 20/i. They may occupy all the aorua ot may be broken up into groups by towb 
of sterile cells or parapbyaes. 

The further development of this rust has probably been lost. The 
teleutospores germinate after a rest and produce pTomycelia 'with 



Fig. 52. PuecifUa glumarum : 1. section through a toleuto »orus, x 

of uredosuore. x 820; 3, germination of teleotospere, x sa nwoiwa ariwiiaiu 

StaS? ttKih . tahj Sim. X m ; ; f .wctlw though . taint. taru. Atari 
to 3-oelled • pores, x 320. (1 — 9 after de Jacrewsfci). 


• 4. 

■bowing 1 


sporidia, but these sporidia oannot infect any plant, bo far as is known. 
It is probable that the fungus was originally hetenwrious, but that the 
moidial stage, besoming of little value, has been lost. 

Orange rust. — PucoMa tritidna is the Earliest rust to appear in 
Ibmg sl j the United Frovinees, and probably elsewhere. It hat been 
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noticed in Pusa as early as the 
last week of November when the 
crop was between five and six 
weeks old, but this was an excep- 
tional ease and it is rarely seen 
before the beginning of the New* 
year. The uredo pustules oome 
out on the leaves as a rule, being 
scarce on the sheaths and stalks. 
They burst out on the upper 
surface as points of a bright 
orange colour. They are never in 
rows like those of yellow rust, but 
are grouped in small clusters or 
irregularly scattered. When old, 
they are not easy to distinguish 
by colour from yellow rust, but 
can generally be known by their 
irregular arrangement. The sori 
burst early and shed their uredo- 
spores. 

As a rule, teleutospores are not 
formed. Some years they may 
be searched for with the greatest 
oare unsuccessfully. In 1904, 
however, they were quite common 
and have appeared on several 
other occasions. This would seem 
to indicate that their formation 
depends on some special climatic 
conditions. They resemble those 
of yellow rust, the ohief difference 
being that they are not arranged 
in rows. 

The uredosporee are similar in a*e and 
shape to those of P. glumarum , but have a 
brownish wall. Infection occurs as in 
the other forms, but the sub-stomatal 
vesicle it round or elliptical and/ the 
of wheat (Puwiuta Vyph» resemble those of P. graminu 
lo Stage ; K teleuto rftther p t gi um anm. 
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The teleuto son are broken up into more numerous oompartments by partitions of 
paraphyses, but otherwise resemble, as do the spores, those of yellow rust. 

As with the last species, no further stage than the production of 
sporidia is known ; the sporidia are unable to infect wheat, and the seoond 
host plant, if one ever existed, appears to have been lost. 

Table of the chief naked-eye characters by which the thm 
rusts can be distinguished. 

Yellow rust. j Orange rust. 

(P. fflumarum.) j (P. tritidna.) 


Attacks the leaves most Attacks the leaves almost 
sevorely, then the leaf exclusively, rarely the leaf 
sheaths, stalks, and sheaths, very rarely the 
ears. stalks. 

Uredo pustules small, , Uredo pustules small but 
oval, do not usually often larger than in yellow 
run together, burst late | rust, oval or round, do not 
and with little dis- i usually run together, 
placement of the epi- burst early with a fringe of 
dermis. Almost ' broken epidermis around 
always arranged in | them. Never arranged in 
long rows. Colour long rows. Cofeur bright 
lemon -yellow. Found orange when fresh. Found 
on all green parts of chiefly on upper surface of 
the plant. t leavos. 

I 

Teleuto pustules like i Teleuto pustules often ab- 
uredo but more flat- sent, when present resemble 
toned, dull blaok, and I uredo but more flattened 
often run together. Do I and dull blaok. Do not 
not burst through the I burst through tho epider- 
epidermis. Arranged I mis. Found chiefly on 
in rows. Found chiefly I under surface of leaves, 
on under surface of I very rare elsewhere, 
leaves but also on all 1 
green parts of the | 
plant. | 

The greater part of tbe thirty million acres or so under wheat in 
India is found north of a line joining Bombay and Calcutta. In the 
whole of this area it is grown as a oold weather crop, bong sown in 
October-November and harvested sometimes as early as February in the 
southern parts and as late as May in the Punjab and the Kumaon hills. 
In the extreme north and north-west there is little growth In the cold 
weather, and in Kashmir and Baluchistan the crop is reaped in July. 
During the greater part of the hot weather and all the monsoon months, 
no wheat is to be found in the plains. Hence the parasite must have 
some method of living over in the interval between the harvest of one 
crop and the period when rust first appears in the next crop. Black 


Black rust. 
(P. graminis.) 


Attacks the stalk most severe- 
ly, then the loaf sheaths, 
loaves, and ears. 


Credo pustules large, elon- 
gated, running together and 
bursting early, throwing up 
large fragments of the epi- 
dermis in doing so. Colour 
warm brown, becoming 
darker gradually as teleu- 
t os pores are formed in the 
name pustules. Found on 
all green parts of the plant. 


Teleuto pustules like uredo 
but black. Burst rather 
early. Found on all green 
parts of tho plant, but least 
on the leaf blades. 
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rust may do this in the north-west Himalaya by passing on to barberry 
bushes through its “ resting ” teleutospores, and there producing the 
sBoidial stage whioh oan carry it back to the wheat. But eveh in that 
area, it is doubtful if the barberry carries the race of the parasite whioh 
is found on wheat, while in the plains there is no plant on whioh the 
seoidium can live ; the seoidial stage has been lost, as in Australia, and 
the fungus is only found in the uredo-teleuto stages. In the case of 
yellow and orange rusts there is no rooidial stage, so that here also there 
is no possibility of the parasite persisting by means of itB teleutospores. 
How then do these fungi tide o\er the unfavourable season when they 
have no wheat to feed on ? No satisfactory answer oan as yet be given 
to this question, though various explanations have been attempted whioh 
may serve to illustrate some of the difficulties frequently met with in 
accounting for the attack of annual parasites. 

One view is that the parasite oan live on accidental plants of wheat 
whioh come up naturally in the hot weather and rains. These are, 
however, very rare, probably quite absent in the hotter parte of the 
country. Attempts to grow wheat continuously all the year round 
at the Cawnpore Experiment Station proved very troublesome and 
no rust appeared on any plant after July up to December. At Poona, 
on the other hand, wheat was successfully grown throughout the summer 
months, the climate being comparatively temperate. The first sowing 
was inoculated with black rust in May and bore uredo pustules in a little 
over a month. Further sowings became spontaneously infected up to 
December. In Europe, North Amerioa, South Africa, and Australia, also, 
the uredo stage haB been found throughout the year ; and a violent 
outbreak of rust on winter wheat was even recorded in December, 1913, 
in Lorraine. Experiments have, however, shown that heat is more 
destructive than cold ; five minutes moist heat at 113°F. or a few hours 
exposure to the sun when the shade temperature is 95 e F., is enough to 
kill all the uredospores. Attempts to preserve the spores for a few months 
in the early part of the hot weather have been unsuccessful. Hence, even 
if stray wheat plants do occasionally live through the summer months 
in the cooler places, it is very unlikely that they do so in the Indo- 
Gangetio Plain or that they eould possibly become rusted if they did. 

Another view is that it can live on some other grass during these 
months. Black and yellow rusts have many grass hosts. Repeated 
search has failed to disclose any suitable host in the plains and even if one 
exist, the parasite is unlikely to survive the heat. P. ghtmarum has been 
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found on Phalaria minor in the Punjab and United Provinces and on 
Brachypodium oyhatioum in the Himalaya. The former is a cold 
weather grass and is absent from much of the wheat area. P. grammis 
haB been found also on Brachypodium sybatioum and on Festuoa gigantea 
and F, hcuhmiriana in Kashmir. These grasses do not extend into 
the plains and oan therefore play no part in carrying rust in the main 
wheatgrowing tracts. 

A third view is that the uredospores may live in the soil until the 
new erop is ready for infection. This is possible, but no direct evidence 
has been obtained in its favour. If it occurs, It is hard to understand 
why black rust does not appear soon after the young wheat iB up in 
October, instead of waiting until February or March. As already said, 
attempts to keep the uredospores alive in the hot weather have failed ; 
and it is known that the teleutospores cannot infect wheat. The 
“ uredospore theory ” of the origin of wheat rust each year has been 
gaining ground of late, however, and undoubtedly serves to explain the 
circumstances in some countries, as the United States, where wheat is 
found all the year round in one part or another of the area. Even in 
India, it is far from having been disproved, as we know too little of the 
conditions which affect the vitality and power of germination of these 
spores. Thus in cold climates, uredospores of P. gramvnis have been 
kept, under snow, capable of germinating in part, from December up to 
March. P. triticina uredospores have also been germinated in the March 
following their formation, in the United States, and after 2} months in 
Europe. In certain cases too, it is known that the incubation period 
between the time of infection and the appearance of new pustules may 
be greatly lengthened. In Poona, as noted above, inoculations in May 
gave sori only after 35 days. In Austria, wheat infected in October- 
November bore 'pustules first at the end of March, when exposed to the 
winter cold. In such cases, there is evidence that the mycelium, after 
infection, passes into a dormant condition and only resumes growth at 
a later stage, and it is clear that wherever wheat occurs all the year round 
this may be a valuable aid in carrying the fungus through the bad 
seasons. It cannot be a factor of importance in India. 

A few mycologists believe that the parasite infects the grain and 
lives in symbiosis with the protoplasm of the grain cells ; when these are 
sown and germinate, it is supposed to grow, still mingled with the host 
protoplasm, and to break out as a myoelium, bearing uredo pustules, only 
when the conditions become favourable for a parasitic life. In the 
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potato disease and some oereal smuts the myoelium undoubtedly lives- 
from one generation to another inside the tuber or the grain ; but it oan 
be found on microscopic examination, whereas^ in the grain fusts no 
myoelium is seen until shortly before the pustules appear. Hence it is 
necessary to believe that the parasite is so mingled with the host oells 
as to be invisible except under very special treatment. Suoh evidence 
as there is in favour of this “ myooplasm ” theory (which would fuller 
explain all the facts observed in India) has been vigorously assailed. On 
the technical side, the work has been oritioised by more than one 
competent observer ; oi^ the experimental, several workers have found 
that it is possible to grow highly susceptible wheat entirely free from rust, 
provided it is enclosed in spore-proof cages. At Cawnpore, for instance, 
a large number of plants (some 190) were raised in this manner and only 
two minute pustules appeared in two cages, which were found to have 
been imperfectly closed. The most recent exponents of the theory have 
based their conclusions in part on work carried out with the hollyhock 
rust (P. Mahacearum) and it has been claimed that sori oan be induced 
to form in the absence of external infection, provided the amount of free 
water in the tissues is reduced. The failure in previous experiments is 
asoribed to the humidity having been kept at too high a level. 

Though no myoelium oan be detected in the green parts until just 
prior to the eruption of uredo sori, it has recently been found that a 
oertain proportion of the grains of wheat, and still more of barley, bear 
sori of P. graminis and P. glumarum, more or less completely buried in 
the grain-coats and facing inwards as a rule. On germination, spores 
from these sori may be carried up on the young shoot and, if still living, 
might start an attack of rust. Further, a myoelium agreeing with that 
of the rust has been found in the primary shoot and roots from suoh 
grains, but new sori have not yet been observed to develop in the young 
seedling and until this is done no special weight oan be attached to these, 
observations. 

In Bengal, Bihar, and the United Provinces, all three rusts usually 
attack the wheat every year. Early in the season, orange rust may alone 
be found ; a little later, it is combined with yellow rust ; later still, all three 
are often seen on the same plant. In the Central Provinces and Bombay, 
it is doubtful whether orange rust occurs in ordinary years, but in years of 
bad rust it extends well into the former area. In the Punjab also it 
appears to be less common than the others. Owing to the different 
kinds ooouning so frequently together in bad years, it is difficult to find 
B, BIO 11 
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out which does the greatest damage. In Bengal, it is probable that 
P. triticina is usually the worst ; in the Central Provinces, perhaps 
P. graminis or P. gkimaram. A few experiments made some years ago 
aeem to show that blaok rust is not as harmful to the grain as the others. 
Thus it was found that ten healthy grains weighed as much as thirty from 
plants attaoked severely with blaok rust and as sixty attacked with one 
■of the others (whether yellow or orange is not certain). In Australia, 
■on the other hand, everyone seems agreed that blaok rust does much 
more damage than orange. 

Though rust is found every year in practically every wheat field, the 
intensity of the attack varies greatly. Whether a generalised epidemic 
breaks out or not, depends to a great extent (as shown above on p. 129) 
on the weather conditions of the year. 

Localised attacks depend for their severity on a number of somewhat 
■complex factors. Some are external, such as the humidity of the air 
within the crop itBelf. This ib probably the reason why severe rust 
frequently follows over-irrigation during the growing period. In certain 
of the less well-drained soils, heavy irrigation is by itself sometimes enough 
to induce rusting. In other soils, such as those of the Punjab Canal 
‘Colonies, no ordinary irrigation produces water-logging and the supply 
of water does not seem to influence rust to such a marked degree. In 
Pusa, it has often been observed that black and yellow rusts are copious 
in the denser parts of the crop and less in the light crop near trpes at the 
margin of the fields. Direct measurements showed that both the soil 
moisture and the humidity of the air within the crop (above ground) 
were higher in the heavy orop, the latter being probably the controlling 
factor. Another factor concerned in these oases is possibly the turgidity 
-of the cells, due to their high moisture content ; this, though an “ internal’ 9 
factor, is dependent on external conditions such as the supply of water 
to the roots and the freedom of transpiration. These factors appear to 
act by promoting the germination of the uredospores and facilitating 
the entry of their germ-tubes. More obscure are the factors which 
determine the resistance of the plant itself to attack. The effect of 
pertain manures has already bem discussed (p. 122) as also the inherent 
partial immunity of some varieties (pp. 118, 126). In some oases, early 
outbreaks of mat bare been observed where the orop has been sown on too 
-dry a seed bed; the only at tack before Christmas hitherto seen at Pusa 
was under such conditions. So also the high temjaustare associated with 
strong weal winds may being on a severe attack of blaok mat in late 
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-wheats. The rust-resting Einkoru variety became, under such condi- 
tions, as rusty at Fusa as any ordinary susoeptible Indian wheat. 

The amount of injury caused by an attack depends on another set 
of factors, which must not be confused with the above. Weak-strawed 
wheats suffer more from stem attacks of black rust than those with strong 
stalks, though the degree of attack may be the same. The rapidity of 
the attaok at certain periods is also important, the plant resisting better 
when the onset is slow. Wheat in the Punjab that has beoome- rusted 
as a result of weather oonditions in the cold months has been observed 
to be unable to stand the strain caused by the rapid onset of hot weather 
at the end of March. The grain shrivels as a result of too rapid ripening, 
whereas similarly rusted wheat can give a good crop if it ripens slowly. 
Hot, dry spells are said to increase the damage in South Africa, and 
^drought following heavy late Bpring rains in Australia. 

Direct treatment of the rusts iB not satisfactory. The most pro- 
mising method of checking the injury is by the introduction of rust- 
resisting varieties of wheat into cultivation. It has been shown that 
resistance to rust is, at least in the case of yellow rust, a “ Mendelian ” 
-character and hence that hybridisation with a view to producing resistant 
varieties is likely to lead to results of great valine. The objects to be 
aimed at are to produce varieties which combine resistance to the most 
important local rusts with other desirable characters, such as heavy yield, 
good quality of grain and so on. Such wheats have been already 
developed in various countries and had indeed been raised (as in Australia) 
before the laws governing their production were understood. In India 
also, the work has been taken up by the Agricultural Department. It is 
practically the only way by which we may hope to check the disease. 

Black and yellow rusts also attack barley in India ; the races on 
barley are probably unable, however, to infect wheat in either case, 
though black rust can do so in the United States. Orange rust is oonfined 
to wheat. 

LOOM smut ( UstUago Tritici (Pers.) Jens.). — The loose smut of wheat, 
so called to distinguish it from the “ stinking ” smut or bunt described 
below, is a fairly common disease in most of the wheat-growing provinces, 
without often becoming epidemic or doing much damage. Its distribution 
throughout the world practically corresponds to that of its host, plant. 

Infected plants cannot be recognised until they come into ear, which 
they do just before the rest of the crop. It is then found that in place 



164 


FUNGI AND DISEASE IN PLANTS. 


oi the normal ear, a blackish, powdery mass of spores appears. These 
spores develop in the young spikelets, covered by a delicate silvery 

membrane which bursts 




usually before the head 
emerges from the sheath, 
forming very dark olive- 
brown, powdery masse* 
in place of the spikelets^ 
of whioh only the ends 
of the awns ordinarily 
escape transformation. 
The spores separate 
easily from the plants 
and in dry weather may 
be almost all blown off, 
leaving a bare stalk (the 
raohis) behind. 

The spores are pale olive- 
brown, lighter on ^one side, 
spherical or occasionally oval. 
And measure f> to 9/u in greatest 
diameter. The wall has fine 
spines, especially on the lighter 
side. Germination occurs in 
moisture by a gorm-tubo, which 
soon dios unless the sporo has 
fallen on the feathery style of 
a normal wheat flower. Under 
no other known circumstance 


FlO. 54. Wheat smut ( UatUago Tritici) : 1, fullv 
■matted ear, nat. size ; f. later stage of same ; 3, 
■pores, x 500 ; Z— 5, germination of spores, x 500. 
{3—6, after McAlpine). 


can the fungus escape pre- 
mature death. In a crowded 
wheat field the chances are not 
so adverse as might be thought. 
In dry weather clouds of spores 


are thrown into the air. In dry weather also the glumos of sound flowers are rather widely 


open and the styles exposed to the sporo dust. In wet, cold weather, however, both 


spore diffusion and the ojiening of the glumes are diminished and few spores reach 


their destination. 


The spores germinating on the style send their germ -tubes into the latter only when 
its ephemeral oells have begun to collapse and dry up. The germ-tubes then enter in 
and between the oells and pass down to the lowor, still living, part of the style. Here 
many are checked but others continuo through intercellular .spaces and the channels left 
by pollen tubes, until in a week or so the cavity of the ovary is reached. The ovules are 
next penetiftted through their integuments (the outer of which has by now partly 
disintegrated), entry taking place through small intercellular quoes. The integuments 
ordinarily beoome cutinised and impermeable about 10 days after the normal time 
of infection, so that successful penetration of tho ovule usually occurs between the 7th 

» 
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and 10th day. The infection tube then passes Into the space between the endosperm 
and the nticellus, where it branches freely for the first time. In about 3 weeks, branches 
have reached the lower end of the raphe, and they pass round the bottom of the endo- 
sperm to reach the soutellum and penetrate the embiyo. Here some of them grow along 
the rudimentary vascular bundles to ocoupy the part between the apex and the root, it 
being now about 4 weeks after infection. A month later all parts of the embiyo, exoept 
the root, contain hypha and there is a very copious mycelium in the soutellum. The 
hyphss are mostly only 2*5 to 3|U in diameter, except in the soutellum where they are 
often somewhat swollen ; growth is exclusively intercellular ; there are no haustoria ; 
and the host oells are not affected in the slightest degree by the presence of the parasite. 
In the ripe grain, the hyphee are thiok- walled, oily, and irregularly swollen ; though 
no haustoria are found, the cell walls are indented in places. 

The parasite lies thuB dormant within the grain until the latter germinates, when it 
grows just behind the growing point and keeps pace with the apex of the plant. As the 
■ear forms there is a great accumulation of hyphse, which give rise to tho spore-masses 
above described. 

Occasionally spore formation occurs on the leaf blade or even on the 
stem. This has been observed in Egypt and Australia, in the latter only 
on Egyptian wheat. It has also been found at Cawnpore and Surat on 
local wheats. 

The spores retain their vitality for 5 or 6 months, a much shorter 
period than in the other oereal smuts. They can germinate freely in 
water or nutrient solutions, giving a small, branched mycelium^ No 
conidia are formed on thiB and the fungus does not seem to be capable, 
like most of its allies, of a saprophytic life in the soil. In nature, imme- 
diate infection alone is likely to succeed, and prolonged vitality or a 
period of saprophytic life would be of no advantage to the parasite. 

The most satisfactory treatment at present known is to soak the 
grain in water hot enough to kill the internal mycelium without seriously 
injuring the seed. As it is very troublesome exoept with small lots, it 
is recommended to use it for the treatment only of a seed-plot, the produce 
of which is to be kept for sowing the next season’s field crop. 

The seed-plot should be large enough to allow for loss in cleaning 
and selecting the seed and still provide enough for the field sowings. It 
-should be located so that the prevailing winds at flowering time will not 
blow smut spores into it, and preferably not nearer other wheat than 
-500 yards ; wind breaks (trees) or large fields of other crops around it will 
diminish the danger of external infection. 

The seed for the seed-plot should he first soaked for 4 to 6 hours in 
water at from 68° to 86°F. (the ordinary room temperature of many 
parts of India at sowing time), then placed in small sacks or baskets/ and 
immersed in water at 129°F. for 10 minutes. It is very important that 
-all the grain should be rapidly and uniformly brought to the required 
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temperature and kept as near as possible at this point for 10 minutes*. 
This is best done by having two tubs of water, one heated to about 120°F«- 
into which 'the grain is plunged for a couple of minutes so as to warm it, 
and the other at exactly 129°F. in whioh it is then placed for 10 minutes. 
A thermometer should be kept in the second tub and hot water added 
as the temperature falls, the contents being kept stirred meanwhile. A 
temperature below 124°F. is ineffective, even if a longer treatment is given, 
and above 130°F. or more than 10 minutes at 129°F. injures the seed. It 
should then be well dried and sown soon to avoid mouldiness or deterio- 
ration. Since even good sound seed has from 6 to 10 per cent, of the 
grains injured by the heat, it is neoessary to increase the Bowing rate* 
Bad seed may suffer more heavily. 

The treatment is usually satisfactory, though somewhat irregular. 
It should be carried out whenever the number of smutted ears much 
exceeds 1 per cent. In northern India it is usually below this figure, but 
in the Central Provinces nearly 10 per cent, has been reported. The 
disease is probably on the increase, since no measures are taken to 
aheok it, and treatment may require to be more considered in the 
future. 

In the absence of special treatment, it is naturally of advantage to 
sow grain only from smut-free fields where possible. Seed treatment 
with surfaoe disinfectants, such as are used for allied fungi, is of no value, 
since the fungus is already within the grain at the time of sowing. 

The fungus is only known on wheat. 

Bunt (Tittetia Tritici (Bjerk.) Wint. and T levia Kuehn). — This is 
usually a much more serious disease of wheat in the countries in whioh it 
occurs, than the loose smut. In India, it is oonfined to the north-west, 
being extremely abundant in Kashmir and the western Himalaya, 
common also in parts of Baluchistan, and extending into the Punjab. In 
the east, centre, and south of the oountry it is unknown, being 
apparently unable to stand the heat at sowing time in these areas. 

Affected plants ripen usually more rapidly than sound plants and 
the ears axe of a darker green colour and more open. Except for these 
signs, not always easy to detect, there is little to distinguish bunted from 
normal wheat. At full ripeness the grain is dark and the dark colour is 
visible between the glumes, which ere more spread out than usual. The 
ears themselves remain erect and rigid, instead of bending over like the 
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If the grain be examined more cloBely, it is found that the inside ia 
filled with a greasy spore-mass, smelling strongly of rotten fish (du* 
to the chemical com- 
pound, trimethylamin) 
and entirely replacing the 
grain contents while leav- 
ing the grain coats intact. 

Unlike loose smut, the 
spore-mass does not dry 
into a powder capable of 
being blown about by the 
wind; it beoomeshard and 
may remain unbroken 
through the processes of 
reaping, threshing, and 
winnowing. Usually, 
however, the spore-balls 
are ruptured at some 
period during the hand- 
ling of the grain, gene- 
rally at threshing, and the 
spores then come into con- 
tact with sound grains, 
to the outside of which 

they adhere. Everyplace Vio. GB. Bunt (Tilletia Tritici) : 1, banted wheat ear* 
, nat. size; 0, germinated spore with paired sporidia ; 

which has held bunted 3, paired sporidia germinating with formation or 
. , . _ secondary sporidium. (0 after Tulasne, 3 after 

gram, and every artiole Brefeid). 

which has touched it, be- 
comes contaminated and can infect dean grain. Naturally the soil of 
the wheat field also becomes infected during reaping. 

The two species of bunt, TiUetia Tritici and T. levis , differ only in their sporee, the* 
former having a reticulate wall, the latter a smooth one. In T. Tritici the spores are- 
generally round, measuring from 15 to 20 /a in diameter, while in T. levis they are more 
irregular, round, elliptioal, or angular, and from 16 to 2 5 /a across. Both often occur on the- 
same stool end even in the same ear and they agree in their life-history. 

The spore germinates in water or moist air, producing a stout promyoelium which, 
grows up into the air. At its tip, a duster of 4 to 12 long, narrow, curved sporidia ie 
formed* Its length is variable aooording to the depth of the liquid, as the sporidia are- 
only formed in the dr. These usually become united in pain by lateral branches and 
then germinate by a fine hypha, which in turn may bear a secondary, sickle-shaped qpori- 
d jnp i at its e nd . Usually sapro phy tic life is limited to this short growth and the 
germ -tubes die early if they do not encounter a young wheat plant. Sometimes, however, as 
in nutrient solutions, or in the presence of abundant organic matter such as cattle manure,. 
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Abe saprophytic life may be prolonged ; the germ-tube from the sporidium branohes and 
produoes a mycelium of very fine hyph® ; and on aerial branohes from this, numerous 
secondary sporidia, eaoh capable of infecting a w^e&t seedling, may be formed. 

Infection can only ooour when the germ-tube of a primary or seoondary sporidium 
•oomes in contaot with a very reoently germinated wheat seedling. Entry is effected by 
the hypha growing through the epidermal cells of the primary shoot below the soil level, 
and susceptibility is limited to the period of about 8 or 10 days between the moment of 
germination and the emergence of the first green leaf from the colourless bud-sheath 
■<“coleoptile”). This period varies somewhat according to the variety and also the 
temperature. It is very short, for instance, in the variety known as Early Ohio and at 
ordinary temperatures this kind is almost immune. At low temperatures (near freezing 
point) wheat will germinate, though slowly, but the bunt spores not at all. The rate 
of germination of wheat inoreases up to 77°F., when it is at its maximum. The spores 
germinate best at a moderate temperature (45° to 65° F.), but are always rather slow, 
so that above a certain point the wheat is often able to get over its susceptible stage in 
time. Hence infection is most frequent at moderately low temperatures, as some figures 
obtained in France by sowing at different dates will indicate. Infected grain sown on 
October 1st gavo only 1 per oent. of bunt ; on November 10th, 10 per cent. ; on 
November 22nd, 90 per oent. ; on February 10th, 30 per oent. ; and on March 10th, 5 
per oent. Even the Early Ohio variety has been found to have 62 per cent, bunted 
under certain temperature conditions. 

Successful infection is also influenced by soil moisture at the time of sou ing The 
seed bed may be just damp enough to allow the spores to germinate while insufficient for 
the wheat. In thiB oase the germ-tubes perish before infection can take place. 

After infection of the young Bhoot a mycelium is formed, which, aB intense smut, 
does not seem to cause any injury to the cells. If hypha* reach tho neigh 1 ourhood of 
the growing point, they keep pace with the lengthening plant, hoing found chiofly in the 
loose cells of the pith. As the ears develop the mycelium accumulates in the young 
ovaries ; the cells are crushed and replaced by masses of hyph® and finally the whole 
booomes transformed into £ ball of Bpores. It is believed to be not uncommon for tho 
fungus to fail to keep pace with the growing plant, so that successful infection does not 
■necessarily result in the formation of bunted ears. 

It has been found that though the spores in unbroken smut-balls 
will retain their vitality for 8 years if kept dry, and isolated spores for at 
least 3 years, still in moist soils all will have germinated after a few months. 
Under ordinary conditions, therefore, they have lost their vitality by the 
lime the next wheat crop is sown. When, however, the soil is rich in 
organic matter, such as farm-yard manure, the fungus is capable of 
prolonged life as a saprophyte, though even in this case it often dies soon, 
-as neither the mycelium nor the sporidia can survive drought. Further 
it seems probable that great cold keeps the spores alive in the soil. They 
are known to withstand freezing, provided they have not germinated 
•(frost kills the germ-tubes) and in the extreme cold of western Canada 
Ihe suooeeding crop is believed to be often attacked by spores left in the 
soil. In eastern Canada, as in Europe, the intermittent heat and cold 
eeexns to be effective in freeing the soil of the parasite, and soil infection 
is believed to be rare. This would apply to the greater part of the 
Infected area in India. 
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1& practice it may be taken that by far the greater proportion of 
oases results from bunt spores adhering to the grain and germinating when 
the latter is sown. A certain amount may also come from manure heaps, 
hut it has been found that passage through animals destroys the germi- 
nating power of the great majority of the spores. This effect is less with 
pigs than with other farm animals, but the danger from this source in 
India would not be great. 

There is some difference of opinion as to the effect on the health of 
Animals and man of eating bunted grain or flour. Experiments in Germany 
with pigs, cows, horses, sheep, fowls, etc., failed to give any definite case 
-of ill effects, but it was concluded that heavily smutted grain should not 
be given to pregnant animals or to those already subject to intestinal 
troubles. In Australia, cases have been recorded of heavy loss on poultry 
farms from the reduction of eggs when the fowls were fed on bunted 
grain, and in Europe, from time to time, farm animals are said to suffer 
from paralysis and inflammation of the mucous membranes from the 
same cause, and it is even claimed that the spores may reach the 
hlood and lymph and ultimately cause death. 

It is quite common to find only some ears of a stool affected and even 
in these ears some grains may be sound. This may be due to the internal 
mycelium failing to pass into the growing points of some of the new 
shoots, or having infected them, it may fail to produoe spores. 

The losses caused by bunt are due chiefly to the actual replacement 
-of the grain contents by the fungus. There are also many cases of 
infection that do not progress to spore formation but that shorten the 
straw and lead to sterility of the shoot. Further, the presence of bunt 
in the grain lowers its trade value, in Australia it is said by as much as 
sixpenoe to a shilling per bushel when bad. The disease was estimated 
to have caused a loss of £50,000 on the year’s crop in Victoria in 1898. 

From what has been said above, it is evident that if the spores 
adhering to the grain coats at the time of sowing are prevented from 
germinating and infecting the young shoots, the succeeding crop should 
be free from bunt. This can be done by several substances, but only two, 
-oopper sulphate (bluestone) and formalin, are extensively used. 

Copper mlphate. A solution of 1 lb. copper sulphate in 5 gallons 
water (equal to 2 per cent.) is prepared, and this is sprinkled over the 
aeed grain spread out on a floor, the heap being repeatedly turned over 
tintil every grain is wetted. A few minutes* sprinkling will be enough. 
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If the seed is well turned over. It is then dried by being spread out- 
and turned over a couple of times, and is ready for sowing. An alter- 
native method is to immerse the seed completely in a barrel full of the 
bhiestone solution until all the grains are wetted (about a minute), stir 
up well, and skim off all the bunt balls, which will float. Then dry quickly 
and sow. This is preferable to the first, especially when there are many 
unbroken bunt balls, for the treatment does not kill spores inside such 
balls and consequently, if they break afterwards, as they are liable to do,, 
they will re-infeat the seed. The bluestone solution must not be placed 
in a metal vessel, but in a wooden tub or barrel. It can be used over and 
over again if kept from evaporating. The treatment is known to reduce 
the germinating power to some extent, as the coating which remains on 
the grain injures the delicate primary shoot. The injury is Blight if the 
grain is sown within 24 hours of treatment, but increases if it is kept for 
several days. Some recommend that the seed, after being dried from 
the bluestone bath, should be immersed for 3 minutes in a weak lime- 
wash made by slaking about 1 lb. freshly burnt quicklime in 20 gallons 
water. This neutralises the injurious action of the copper sulphate 
and effects a saving of about 6 per cent, in the seed rate. 'The same 
results can also be obtained by the methods in use in France and Qermany 
described on p. 182 below, under oat smut. 

Formalin . A solution is prepared of 1 lb. commercial formalin 
(which is a solution containing about 37 per cent, of formaldehyde) in 
40 gallons water. With this, the seed is thoroughly wetted by sprink- 
ling (40 gallons will do for about 80 maunds of grain) and turning over 
on the floor, until every grain is treated, and then the heap ib covered 
with damp gunny bags for about 2 hours to prevent evaporation. At 
the end of this time it is spread out to dry and should be sown early. 
Or, as an alternative, the grain is entirely immersed in a vessel (which 
may be of any convenient material) for 10 minutes, being well stirred 
and having all the floating bunt balls and dlbris skimmed off. It is 
then taken out and kept moist for 2 hours as before. If there are many 
unbroken bunt balls, this last method is to be preferred. 

Either of these two treatments may be used with equally good 
lesuitak jB® formalin treatment is increasing in popularity in many 
plaoe^ ofing to the convenience in handling it. It is also less liable 
to injure germination, especially if the treated grain be sown promptly. 
Considerable injury may be caused if there is a delay in sowing, but this 
effect is said to wear off again after some weeks. The safest rule is to 
sow within 24 hourt. 
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Whichever is used, great care is necessary to avoid re-infection of 
the grain after treatment. Everything which has come into contact 
with bunted grain becomes contaminated by the shed spores and these 
spores may get back to the seed through carelessness. Bags used 
to store bunted grain should not be again .used after treatment, unless 
they have been immersed in the formalin solution to kill any adhering 
spores. In the same way, the treated grain should not be put into a 
store that has had diseased grain in it, without first spraying or sprinkling 
the inside with the fungicide. The same applies to carts. Even with 
these precautions some bunt balls may reach the grain, and if broken 
during sowing may cause infection. Hence it is wise to avoid using 
severely bunted grain for seed. It is probable that in a locality like the 
Kashmir Valley where, in 1908, bunt was observed to be very common, . 
a single year’s treatment would not entirely get rid of the disease. It 
would be necessary to carry it out for several years before the danger of' 
re-infection beoame slight. 

Should bunt and loose smut occur together, the hot water treatment 
described under the latter will give a seed crop free from both diseases. 

Wheat varieties differ to a certain extent in their liability to bunt. 
It iB not yet clear how far the partial immunity of some sorts is due to a 
direct power of the cells to resist attack, or to such indirect causes as the 
rapid germination of the Ohio wheat mentioned above. The breeding 
of bunt-resisting wheats is being attempted with some success in certain 
places, as in Australia, and may become an important line of attack in 
the future. 

Flag smut ( Urocystis Tritici Koern.). — This disease is confined to- 
the Punjab in India, while outside India it is only known in east Asia and 
Australia ; it is therefore of much more restricted distribution than the 
other smuts of wheat. Up to date, it has not been reported as causing 
much damage in this country, but the experience in Australia, .where in 
some districts it is not rare for half the arop to be lost and a loss of 10 per 
cent, is common, shows that its importance should not be under-estimated. 

As the name indicates it is usually found on the leaf blades ; it is 
also common on the Bheaths and oocurs sometimes on the steifi and very 
rarely on the ears. Asa rule, every shoot of the plant is infected ; their 
leaves become twisted up and assume a drooping habit, which is followed 
by withering ; soon they are cast off and often the whole plant early dies 
down* Very frequently the entire stool bears no grain, the ear being, 
replaced by a twisted mass of leaves. When grain is formed, it is usually 
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onuoh shrivelled and valueless. The parasite first shows outwardly in 
Jong, grey, slightly swollen bands, parallel to the veins of the lea£ These 
Jbhen rupture and expose a black, powdery mass of spores. 

The spores differ considerably from those of looso smut or hunt, be ing formed in 
-liny balls consisting of from 1 to 4 fertile bright brown spores, surrounding which is a 
layer of light-coloured sterile cells. The spores are spherioal or oval and 9 to 16 f*> in 
diameter, the spore-balls being up to 40/i across. The storile oells are smaller and more 
• elliptical. 

Gormination occurs by the protrusion 
of a promycelium, or short 1 to 3-celled 
germ -tube, which bears a cluster of 2 to 
C sporidia at the apex. The sporidia are 
at first cylindrical and unseptate, then 
oft on become 1 or 2-septato. They 
measuro 12 to 15 by 3p and germinate 
without falling off by a slender germ-tubo, 
whioh may be of considerable length, 
and represents tho infeotion hypha. 
Secondary sporidia are not formed. 

Infection ocours below ground 
as in bunt. Experiments indi- 
cate that not only ma^f the pri- 
mary shoot be infected but also, 
at a later date, the lateral buds 
below ground from whioh the 
secondary shoots of the stool 
arise. The spore-balls, with their 
envelope of sterile cells, are well 
adapted to retain their powers 
of germination for a long time. 
It has been found, for instance, 
that not only is old smutted 
straw capable of conveying living 
spores to the soil at sowing time, 
but that they are also carried in 
manure from horses fed on suoh 

do. 56. Flag smut of whe&t (Uroeytti* Tri- straw. KVidenoe has been ob- 
tiei) • 1 . affected ahoofc, y J; f, pnrt of , . . , 

affected leaf, nat. site ; s, spore balls, tamed in Australia that wheat 
X 330 ; 4* spore ball germinating, x 330. - 

(J- 4 after McAipfne). grown in soil in which a diseased 

crop grew the previous year, be- 
-comes infected even if treated with fungicides, shewing that the spores 
shed on the soil retain their vitality until the next season. Hence, 
.unlike bunt, where the spores that reach the soil otherwise than by 
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adhering to the grain ooats usually germinate and die before the next 
crop is put in, flag smut persists in the soil and is oapable of damaging 
a following wheat crop. The smut is often carried on the grain ooats, 
but cleansing the grain is not enough by itself to protect the next 
orop, especially if stubble or manure, containing spores, has reached the 
soil. 

The treatment is, therefore, more difficult than with bunt. Seed 
disinfection may not protect the crop in infected land. It should always 
be carried out, however, in order to kill any spores on the grain. The 
'formalin treatment given under bunt may be used, the grain being 
sprinkled with the solution. There is nothing to gain by immersing the 
seed in the liquid, as there are no bunt balls to be removed. In addition, 
every effort should be made to avoid causing infection of the soil. In 
bad oases the stubble should be burnt. Care should be taken to avoid 
contamination through manure. In Australia, it is found necessary to 
pay particular attention to rotation in the affected localities and the 
practice of growing wheat only once in three years is becoming general. 

The fungus does not seem to be capable of a saprophytic life after 
germination of the spores, and it is not yet certain whether any consider- 
able proportion of the spores can go through such a prolonged high 
temperature with occasional rain as in the Punjab summer, without 
ger min ating and perishing. In Australia, moisture for some time 
before sowing is said to reduce infection from the soil, while if sown on 
the first rain, spores and wheat germinate together and there is muoh 
disease. Possibly in our climate seed treatment would give better 
results than in Australia. 

A closely allied smut, Urooystis occulta , occurs on rye, but experi- 
ments have shown it to be distinct from that on wheat, neither being 
able to ,infeot the host plant of the other. 

Mildew (Erysijjhe graminis DC.).— This is a disease of very minor 
importance in India, where it has only been found on wheat and a few 
wild grasses in the Himalaya and sub-montane districts of the north. 
Elsewhere it is oommou on a wide range of cultivated grasses and 
cereals, and in Europe it sometimes causes serious loss, especially to 
winter-sown grain orops. In Italy it has been found associated with 
l&e leaf-spot disease of wheat described below, the combined infection 
reducing considerably the yield. 

The fungus develops on the leaves, usually on the upper surface, but 
sometimes also underneath, and on the sheaths and stems. It forms a 
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superficial, thick, flocoulent growth, at first white, then grey or reddish. 
"The young patches have a floury or powdery appearance from the forma- 



Fiq. 57. Wheat mildew ( 
graminU ) : 2, part of 
plant, Xi; t, conidiophore and 
eonidla from barley, x 280 ; 3, 
a perithecium ; 4 aecua and asco- 
spores, x 280. JLi and 4 after 
Salmon, 3 after Delacroix). 


tion of oonidia of what is known as 
the Oidium stage of the fungus. 
Later on, the spore-powder diminishes, 
and scattered black dots appear, partly 
immersed in the superficial growth. 
This is the perfect or asoigerous stage. 

The mycelium consists of superficial, sparingly 
branched, thick-walled hyphro, 4 to 5fi wide, 
which are interlaced into a web, covering a 
greater or less extent of leaf and stem. From 
this, short special oonidiophores arise at right 
angles to the leaf surfaoo. The oonidiophoro 
is swollen in a characteristic manner at the base, 
above which arises a long cylindrical out- 
growth. The basal swelling is early cut off 
from the parent hypha by a transverse wall. 
The cylindrical outgrowth now divides into 
two cells, each of whioh again divides ; and the 
four cells thus formed swell up into conidia, 
the junctions at the septa remaining narrow. 
They ripen from above downwards/* the end 
spore being the first to mature. The basal 
oell next elongates in its upper part, below the 
chain of four oonidia first formed, and new 
conidia are produced by the repeated division 
into two cells of the upper part of this elonga- 
tion. The chain may oonaist ultimately of at 
least 10 or 12 conidia, whioh whan ripe are 
elliptical, hyaline, single-celled bodies, measuring 
25 to 30 by 8 to 10 A 1 and falling off readily 
when disturbed. 

The peritheoial stage appears usually at 
about the same time as the ears. Each peri- 
theoium arises as the result of » sexual aot, 
po inting in the fusion of part of the con- 


tents of two specialised oells.. The mature peritheoia are about 200/* in diameter, 
globose-depressed, black, and partly immersed in the mycelium. Each consists of an 
outer envelope of brown pseudoparenohymatous oells, from the exterior of whioh short, 
amp le or slightly branched, pale brown hyphe, known as “ appendages ”, arise, and an 
inner duster of r jD to 80 asci. The asd are cylindrical or ovate, 70 to 108 by 25 to 40/* in 
-diameter and each contains 8 (rarely 4) elliptical, single -oelled, hyaline spores, measuring 
20 to 28 by 10 to 18/*. The aeooepoxes are late in developing, but ripe ones may be got 
from old, dried-up plants plaoed in a moist atmosphere, or by immersing leaves bearing 
peritheda in water for some days. They are set free by the rupture of the peritheoial 
wall which, in this family of the Aseomyoetee, has no mouth. 


Both oonidia and asooeporee can infect healthy wheat. They germinate readily in 
moist air, giving lisa to one or more germ-tabes, whioh soon die unles s they reach a suit- 
able beta plant. When, however, the spore gsnnfcates on wheats the end of the «•«*- 
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-tube forma a little swelling (approaioripm) yrhieh beoonm firmly attached to the surface 
-and gives out on its under side a very minute, tubular outgrowth capable of penetrating 
-the plant. Entry is effected directly through the outer wall of an epidermal cell j once 
inside, the tube swells up and develops a large haustorium in the cavity of the oelL The 
haustorium is elongated and has a bunch of finger-like projections from one or both ends, 
which serve to increase the surface through whioh food oan be absorbed from the oell 
•oontents. With the support of the nutrition thus gained, the external portion of the 
germ-tube continues to grow, branohes, and forms a mycelium. Other haustoria arise 
from this and penetrate the epidermal cells all over the affected part. 

The effect of the parasite is to cause a discoloration and weakening 
of the plant, which is very noticeable in plants grown under shade, as in 
pot experiments. In bad oaseB the leaves become crinkled and often 
spirally twisted or deformed ; the top of the shoot may wither and the 
ears, when formed, are light. 

Erysiphe gramvnia attacks many grasses and cereals but is split up 
into specialised races (Bee p. 62), one of whioh is that on wheat. This 
race oan only live on species of Tritioum and, less readily, young plants 
of Hordeum silvatioum, whioh is not an Indian grass. Specimens sent 
from India have been tested in England and found to behave exactly as 
the European form in this respect. The forms on oats, barley, sugarcane, 
and other cultivated members of the grass family have not hitherto been 
found in India. 

Treatment is not usually practicable. Sulphur dusting checks the 
parasite, as it does most of the Erysiphaoe®, but it is out of the question 
with a field cereal crop. It can be used, however, to protect experimental 
plants and was sometimes found necessary in suoh oases in Dehra Dun. 
Shade and a moist atmosphere enoourage the spread of the fungus. The 
influence of oertain manures on the disease is referred to on p. 123 
.above. 

Leaf spot {Leptospharia, Tritici (Garov.) Pass. = Septoria Tritici 
Desm. and 8 . gramineum Desm.). — This disease is common at Lyallpur 
and probably in other parts of the Punjab, but has not been found elsewhere 
in India. It has been described as causing much loss in several parts of 
Europe, sometimes alone but more usually associated with rust or mildew, 
so that it is difficult to decide which parasite is the true cause of the injury 
in these cases. In India it has been found alone and the damage was 
slight. 

The fungus develops in the leaf tissues, forming elongated spots 
limited by the veins. The spots are at first yellow, then reddish-brown, 
•nnd finally, when the tissues dry up, pale straw-coloured. In this last 
stage, numerous very minute, black dots, arranged in rows between the 
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veins, Appear on both surfaces of the leaf. These are the fructifications- 
(pycnidia) of the lower or Septoria stage. 



Fig. 68 . Wheat lesf spot ( LeptosphaHa Tritici) : 1 , spots ou leaf showing 
pycnidia, X 1& ; l , a pycnidiiun in section ; S, young spores on their 
stalks ; 4, ripe spores ; 5, germination of spore with formation of 
secondary oonidia. (2— 4 after Prillieuz, 0 after Krueger). 


The pycnidia arise beneath the stomata of tho leaf, as round, thin-walled, flask 
shaped reooptacles, opening at the onfioe of the stoma and filled with elongated* narrow 
spores. The pycnidia are about 100 to 200/* in diameter ; tho spores, 30 to 76 by 1 -2 
to 2 -6/*, odourless and with 2 to 5 (generally 3) transverse walls. Germination occurs 
readily in water, a mycelium being formed which bears short secondary oonidia. Infec- 
tion takes place by the entry of the hyphse directly through the epidermis ; the invaded 
cells are rapidly killed and, though spread is checked by the veins, leaves exposed to 
severe infection may wither completely. In extreme cases, the plants are stunted 
and earn are said not to develop or aro sterile. 

The pyenidial form has been artificially cultivated in Europe and gave rise to the 
aeoomyoetal fungus, Lepto&phwria Tritici, which had been previously observed to oocur 
at times on the same leaves as the Septoria. This form has not been seen in India. It is 
also said that the fungus known as Septoria gramintum is probably identioal with that 
under discussion. If all three are really the same, then the number of known host plants 
is considerable, and includes, besides wheat and oats, several wild grasses. In India it haa 
been found so far only oil wheat. 
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The conditions which lead to a severe attack of leaf spot are much 
the same aB induce rust. In dry, sunny weather the spores die in a few 
days. It is said that manuring with nitrate increases the susceptibility 
of the crop, while, on the other hand, sulphate of ammonia diminishes it. 
An application of basic slag at the time of setting of the grain has been 
reoommended. Direct treatment seems as impracticable as in the case 
of rust. 

Mould ( Mycosphcerella Tulasnei Jancz. - Clado&porium herbarum 
Lk.). — The conidial (Cladosporium) stage of this fungus is commonly 
found on withering green parts of plants in India and in many other parts 
o( the world ; indeed its spores are present so frequently in the air that it 
may be expected to appear on almost every bundle of plant specimens 
collected and kept without drying for a few days. Nevertheless its full 
life-history is not entirely understood, and in particular the question of 
its parasitism is still open to some doubt. 

It is frequently found in India on the ears of cereals, particularly 
wheat, maize, and jowar, in moist localities or where the crop is so dense 
that aeration is de- 
ficient. It occurs 
less often on leaves 
and even stems of 
these and other 
plants, under simi- 
lar conditions. 

Affected parts are 
covered with a 
g r e e n i s h-b lack, 
mouldy growth. 

This is especially 
visible on ears of 
]owar and tassels 
of maize, which are 
sometimes turned 
black throughout 
whole fields. On 
wheat, the growth 
is not usually so dense nor the blackening so pronounced,' except in 
lodged plants. When dry weather follows the infection, the superficial 
growth may bo' almost absent, the surface of the outer glumes being 

B, DIO 32 



FlO 59. Wheat mould ( Cladotporium herbarum ) : t, 
conidiophores emerging from loaf ; 2 , tips of oonidto- 
phorea with conidia, on left dwarf form, on right giant 
form ; S, conidial form known aa Hormodendron clados 
porioidtt ; 4, oonidial tufta from a leaf ; 5, grain affected 
with mould ; 0, section showing atromatic mycelium be- 
tween the cells of the grain coats ; 7 , stroma more highly 
magnified. [4 after Prillieux, rest after Delacroix). 
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smooth and dark brown in oolour. In. these oases the fungus often 
oollects in the anthers and stigmas, and the pollen may be muoh 
reduced. 

The effect on the leaves and stalks is to cause withering, followed 
often by a sort of wet rot, due no doubt to the invasion Gf the Withered 
parts by saprophytio organisms. On the grain, brownish-black spots 
appear, aooompanied sometimes by fissures which are occupied by tlhe 
fungus growth. In wheat and jowar, the grain may be almost completely 
prevented from forming, the glumes enclosing nothing but the partially 
disorganised essential parts of the flower. 

The mycelium is aggregated into numerous little greeni eh -black tufts, producing a 
velvety appearance on the surface of the ear. Within the tissues it tends to form layers 
of short-celled fungus parenchyma, which force their way down between the cells of the 
host. At and near the surface the hyphse are greenish -brown ; deeper in, hyaline. 

Conidia are produced on tuftB of erect oonidiophores, which usually spring from 
little atromatio masses developed just below the epidermis. In this case, they frequently 
emerge through the stomata. Similar oonidiophores can also arise from any part of the 
external mycelium and, in addition, the hyphw themselves tend to break up when old, 
into spore-like articulations, the segments thus sot free being oapable of germinating. 
Typical oonidiophores are greenish-brown, lighter in colour at the top, septate, and one 
or more times bent or kneed, each of tho bends being capable of bearing onnirfio. 

The conidia are formed in branched chains terminally and laterally on the ftomdio- 
phores. The terminal chains pass insensibly into the oomdiophore. the end articula- 
tions of which gradually take the shape of the spores. The first-formed conidia are 
often three or more in number, arising side by Bide on the end of the tenmnal cell of tho 
conidiophore. Each of these may then bear two smaller conidia and each of tho latter 
one or two more. The end spore of the chain is therefore the youngest. The basal 
conidia axe 1 to 3-septa tc, most frequently 1-Beptate, while the terminal ones are usually 
continuous. The shape varies from cylindrical to oval or almost round ; the colour 
from brown (older conidia) to nearly hyaline (young conidia) ; and the dimensions from 
5 to 15 by 4 to 10/*. Each oonidium has a characteristic, thickened, refractive cushion 
at the ends, marking the point of union with the next spores of the chain. They fall off 
very easily, singly or in Bhort chains. 

A second conidia! type (formerly known as Hormodtndron eladotponotde* Saco.) is 
often associated with the normal form, and is considered by some to be the parasitic 
condition of the fungus. In this, the oonidial chains are chiefly produoed at the ends 
of a brush-like tuft of filaments formed at the tip of the conidiophore. The oonidia are 
more numscous than in the Gladoeporium form and are usually unseptate and almost 
hyaline. AD sorts of transitional stages between the two forms occur ; one gives rise 
to the ether readily in culture ; and it is probably more correct to describe the oonidial 
fruit is being extremely variable than to consider them as representing two distinct 
stages la tbs life-history of the fungus. 

The seMfsnus stage {Mycoiph&rtUa Tulaanti Janet.) has been discovered in Europe 
but has not yet been found in India. 

The Injury earned by this fungus results from the loss of grain when 
Idle «ttaek is early, and from the depreciation of its quality when the 
attack is late. The mouldy grsins make very inferior dour. In south 
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India it is said that grains of jowar affected by the “ wet Weather mould/’ 
whioh is no doubt this fungus, are remarkable for their premature 
germination while still on the ear. How far the speoies is capable of 
mfeoting healthy, well-grown plants is not definitely known, and it seems 
probable that some of the diseases of plants suoh as melons and ououmbers 
grown under glass, said m Europe to be caused by this fungus, are really 
due to other parasitic species of Hormodendron or allied fungi. 

No treatment is possible, the mould being, so far as most observa- 
tions go, a symptom of unfavourable environment. Sowing in drills to 
promote aeration, and attention to drainage, are indicated in places where 
the disease habitually occurs. 

OATS ( Avena saliva L.) 

Smut ( U8tilago Avena (Pers.) Jens.). — Oat Binut is known practically 
wherever oats are cultivated. In India, it is especially prevalent in Dehra 
Dun, where about one-tenth of the crop is annually lost from it, is oommon 
m the Punjab, and there have been several outbreaks in Bihar. Before 
treatment was adopted, it ranked with the most destructive diseases of 
orops in temperate olimates, being estimated to have caused a loss of 
over £3,000,000 annually in the United States. 

The spores are produced m the ovary and other parts of the flower, 
and also in the glumes and awns. The wall of the ovary persists as a 
distinct envelope around the Bpore-maBS, for a considerable time, muoh 
longer than m the loose smut of wheat. Usually > every head of a 
stool and all the grams of an ear are infected, but sometimes the upper 
grams escape. After the ear has fully opened, the membrane surrounding 
the mass of spores breaks up and the spores are blown off, ultimately 
leaving only the stalks of the spikelets behind. 

The spores are nearly globose to oval, light olive brown smglj , dark brown in mass, 
with one side less coloured than the other, finely spiny, and 5 to 9 m in diameter Germina- 
tion takes place in a few hours in moisture, with the production of a 4 or 6 celled, stout 
promyoelium A spondium is borne on each segment, usually near the septum but 
one is terminal Sometimes a branch connects two segments, forming what is known 
as a bueile -joint, or two adjoining oells may unite by a clamp connection (p 9) 
After the spondia fall, they germinate by a fine germ-tube, or two become united by a 
short branch, through which the oon tents of one pass into the bther, which then germinates 
All ^heee various unions are connected with the sexual reproduction of the fungus (see 
p. 26). In nutrient solutions, the spondia bud freely after the manner of yeasts, and 
this penod of saprophytio life may be prolonged by renewing the solution, for a year or 
more, the g ermina ting power of the spores has been found to be retained at the etd 
■of 7§ yean, unlike the loose smut of wheat where it is lost after a few months. 

Zafeotion only takas place in the young seedling, the greatest number of successful 
inoculations being obtained just after the primary shoot has emerged from the grain. 
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After the shoot is an inch in length, mfeotion is rare. When oats germinate, the bad is 
pushed out of the glumes on an elongated base (“ mesoootyl ”) whioh carries the primary 
node as much as £ cm away from the ongin of the primary root, in a week This 

elongated segment is short lived 



and mfeotion takes place through 
it, below the primary node Above 
the latter, infection is rare The 
germ tubes only entor when the 
colls begin to collapse and die , 
at first they pass through the cells, 
later, as the sound tissues deeper 
in are reached, between them 
Thoy then turn upwards and pass 
above the primary node, through 
a narrow channel between the 
vascular tissue and the insertion 
of the first loaf Here they begin 
to branch for tko first time and 
the mycelium roachos the region 
of the growing point Though the 
tissues below tho primary nod 
may contain many germ tubes few 
succoedm surmounting this barrier 
which beoomos impassable as soon 
as its tissues are differentiated 
But onoo the growing A point i 
reached, tho niycihum is pro 
bahly nover got rid of and is il 


Fig. 61. Smut and rust of oats ( Ustilago Avans* 
and Puceinia Lolii) 1 , smut spores germmat 
mg with promycelia and spondia, x 450 , 3, 
fusion of promycelial cells, x 460 , 3, spondia 
budding in nutrient solution, x 360 , 4, seotion 
of surface of young infected seedling, showing 
germinating sporidia a, the opening 6 through 
whioh the germ tubes penetrate, and the inter 
nal mycelium o, x 350 ; 5, uredospores of 
orown rust, X 375 , ( '> , teleutospores of same, 
X 500. (f— 4 after Brefeld, 5—6 after Eriksson 
and Hennmg). 


ways able to continuo its dtvi l >p 
ment up to sporo format! m 
Except at tho moment of tntry 
the hyphso novi i ponetrato int i 
tho cell cavities, though they lba> 
sond in haustona No injury is 
caused to the colls which continue 
to gn w and divuli At tho grow 
ing point tho mycilium continues 


its development as the shoot 


elongates, still producing no apparent effect on its host, until the formation of the tar 
Then the hyphaa accumulate m the young inflorescence as a preliminary to spore 
formation and, by their pressure, the host cells are gradually disorganised and killtd 


Even after successful infection has been accomplished tho oat plant may grow away 
from the fungus The latter is only ablo to develop m young tissues and if the growing 
point elongates too fast may fail to roach it The hyphso then I m ak up into fragment s 
and gradually disappear in the older tissues Hence the oat plant is able to combat 
successfully a cortain number of infections, and external factors such as temperature 
humidity, and the like as well is varietal differences which influence tho rate of growth 
of the seedling, have a similar effect in determining the seventy of the disease to whst 
they have in bunt When the temperature at sowing timo is low, oats are more likely 
to esoapo smut, since the spores roquire a considerably higher temperature for gormin 
ating than the oat grains themselves. 


Infection may result either from spores present m tbe soil in a living* 
condition when the crop w sown, or from spores adhering to the gram coat 



OEBEALS: OATS. 


181 


and sown with the seed. The latter is much the more frequent and is, no 
doubt, favoured by the fact that Bmutted ears often open a little before 
the rest, so that the spores are set free and are blown about while the 
grain is maturing and before the glumes have closed around it. The dry, 
powdery spores of oat smut do not stick to articles with whioh they come 
in contact, so readily as those of bunt, and hence the danger of conveying 
the disease by infected sacks and implements is not so great. 

Treatment by seed disinfection will, therefore, prevent the disease 
almost entirely. Several different methods are adopted, some being more 
popular in one country, others in another. Perhaps the most convenient 
is the formalin treatment, much used in the United States. This is 
employed as against bunt (p. 170), the sprinkled grain being kept 
moistened by the solution for four hours instead of two. There is no need 
to immerse the grain in the liquid, since there are not usually any smut 
balls unbroken. An experiment carried out in Dehra Dun in 1904-5 
showed that formalin reduced the amount of disease from 1 plant in every 
10. to 1 plant in every 1,700, without injuring germination in any way. 

The hot water treatment is also used in the United States but is 
giving place to the last-mentioned method. It consists in dipping the 
grain in water at 132° or 133°F. for 10 minutes: It is advantageous to 
warm up the mass of grain first, by dipping the sacks or baskets in whioh 
it is contained into warm water at say 110° to 120°F. for a few minutes 
before transferring to the hotter bath. A thermometer must be used 
and a vessel of boiling water kept at hand so as to maintain the temper- 
ature at the right level. The grain should be stirred about, or if in a 
sack, lifted out, allowed, to drain and plunged back, several times, to 
secure even heating. Properly carried out the crop may be entirely 
freed from smut, all the spores being killed. 

Potassium sulphide is used in some countries in Europe, the grain 
being immersed in a solution of 1 lb. to 13 gallons water for 24 hours. 
The chief drawback to this method is that commercial potassium sulphide 
(“ liver of sulphur ”) is of variable composition and often adulterated. 

Copper sulphate, so effective against other smuts, is less satisfac- 
tory in the treatment of oat smut than the above remedies. This is 
because, owing to the way in whioh the spores are often caught between 
the glumes and the grain, a sufficiently prolonged treatment to be effective 
injures the germinating power of the seed. Thus in experiments at 
Dehra Dun, immersion in $ per oent. copper sulphate for 24 hours was 
only half as effective as formalin in checking smut? while the crop was 
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decidedly inferior. One per cent, for the same period equalled formalin 
in efficiency but the crop was very poor. For shorter treatments, greater 
strengths have to be used and the injury to germination is equally great. 
A modification in general use in France, where it has the sanction of the 
Ministry of Agriculture, is as follows : — The grain is placed in a vessel to 
which is added enough of a solution of 1 per cent, copper sulphate to wet 
it thoroughly. Water is then added until there is a layer of about 
6 inches of liquid over the grain, and after stirring well it is poured off with 
all light grains. After an hour, a second rinsing with fresh water is given 
and the grain then spread out and dusted thoroughly with slaked lime. 
It is turned over repeatedly until dry, when it is ready for sowing. In 
Germany, another method which gives the same results is practised. 
The grain is immersed for 12 to 16 hours in J per cent, copper sulphate 
solution, then taken out and plunged in milk of lime of 6 per cent, 
strength, for 5 minutes, after which it is spread out to dry. In both these 
oases, the lime neutralises the caustic effect of the copper sulphate and pre- 
vents the injury caused by this compound to the delicate primary shoot 
of the seedling. Further, a certain amount of copper oarbonate is left 
adhering to the gram and appears to offer some protection against the 
attack of spores pre-existing in the soil. 

Except the last, none of the above methods guard against infection 
from spores in the soil, but although it has been proved that the sapro- 
phytic budding stage of the sporidia may persist for at least a year under 
exceptional conditions, in practice it is not found that any considerable 
amount of smut results from this source. One or other of the treatments 
given above is universally relied on to reduce the loss to a negligible 
quantity. 

As with bunt, oases have been recorded where the use of heavily 
smutted oats as fodder has proved detrimental to the health of farm 
animals, especially in North America. The evidence is not conclusive 
but there seems to be a certain amount of risk of even fatal results. 

The wild oat ( Avena fatua , L.) is sometimes attacked by this smut in 
other countries. 

Rust (Puocinia Loin Niels. = P. coronifera Kleb.). — In most cereal 
producing countries oats suffer at least as severely as wheat from rust. 
In India, however, the black rust (P. gramvnis) has not yet been found, 
though so Qommon on wheat and barley, while the crown rust (as P. Lolii 
is called) has only once been recorded, at Pusa m 1907. Indian oats have 
been introduced into several countries in the hope that they might prove 
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immune to rust, but this hope has not been realised, and indeed in the 
Transvaal they were found to be highly susoeptible to both blaok and 
crown rusts. 

The appearanoe of a plant atbaoked by crown rust is shown in 
Fig. 60 and the characters of the spores in Fig. 61. Since the disease is 
not at present established in India, it is not necessary to do more than 
illustrate it, so that it may be recognised if met with. 

Leaf spot ( Helminthosporium Avence Br. and Cav.). — The leaf spot 
of oats is very common in India, especially on young plants. In Pusa, it 
appears every year when the seedlings are a few inches high and persists 
up to the time of harvest. The damage caused is probably not great, but 
it is very difficult to estimate it. 

The appearance of an affected leaf is shown in Fig. 60, the leaf blade 
being marked by numerous yellow spots with a brown ring towards the 
centre. In severe attaoks, the leaf dries up in long streaks. 

The njhiIn are due to the mycelium of the parasite, which ramifies botwcon the leaf 
cells and causes the destruction of their chlorophyll. No haustona are formed but the 
invaded tissues collapse and dry up rapidly. 

Sporos are produced on the old spots only The qonidiophoros arise from the 
infernal mycelium and emerge chiefly through the stomata. They are brown, simple, 
septate, erect hyphen, often with knee-bends, especially towards the free end; these are 
duo to the conidia being formed terminally and then pushed to ono side as the* 
eonidiophore continues to elongate. Each bond on a fully-grow'u comdiophore thus 
represents the position where a terminal conidium was formed at on earlier stage, 
(Fig. 64, 5 ) 

The conidia are deep brown, long, cylindrical bodies measuring 80 to 100 by 15 to 
16 /a and with a variable number of Bepta, usually 4 to 6. They germinate readily m 
water, the gomi-tubos being able to penetrate the tissues of the first green leaf without 
difficulty. Entry is through the epidermal cells, not by the stomata. 

It is known that in the allied disease of barley, caused by H. teres, 
the attack in many oases results from infection of the grain or the young 
seedling, at the moment of germination, by means of spores or myoelium 
present on the glumes at the time of sowing. Conidia are developed on 
the first leaf from this primary attack and serve to oaupe a generalised 
secondary attack, when the climatic conditions are favourable. If 
this also occurs in oats, it is probable that the seed treatment recom- 
mended for the barley disease (p. 190), would be effective in checking 
the primary attack. The disease would not, however, be appreciably 
reduoed unless the treatment was carried out on a sufficiently large scale 
to prevent secondary infection from neighbouring untreated crops. 
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BARLEY {Hordeum vulgare L.). 

Covered smut ( UstUago Hordei (Pers.) Kell, and Sw.). — Scattered 
eases of this disease ocour in the barley fields all over northern India, but 
never to the same extent as oat smut. It is known almost everywhere 
that b&rley is cultivated. A seoond smut — naked smut (see below) — is 
also widely distributed in other countries, but has only rarely been 
seen in India. 



Fio. 02. Smuts of barley ( UstUago Hordei and UstUago nuda) : 2, ear with 
covered amot, nat afae ; f, germination of spores of same with prom y- 
celia and sporidia, x 230 i S. ear with loose smut, nat. slse ; 4. germina- 
tion of spores of same with branching germ-tubes and no sporidia, v 230. 

(f and 4 after Brefeld). 

There is nothing to distinguish afieoted plantB from sound ones, 
until the ear is formed, when the spore- masses develop in the ovary of the 
flower, forming a blabk, compact body, enclosed by the ovary wall and 
glumes. The afieoted ears may remain more or less enclosed in the leaf 
sheath. 
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The spores tend to remain in a compact mass, though not -so firmly adherent as in 
bunt. Individually they are round to ellipsoidal, brown, often lighter coloured on one 
side, quite smooth, and 6 to 0 or sometimes up to 1 1 fa in diameter. 

Germination ocours in water or damp soil, even after several months. A three-septate 
promycelium is formed which bears spondia terminally and laterally. Buckle-joints 
are common, as in oat smut. The elongated spondia continue to bud off fresh sporeB 
after falling, and in nutrient solutions this saprophytic life can bo prolonged as long as 
fresh nutrition is supplied. 

The life-history is similar to that of oat smut, infection taking place 
in the seedling stage and the fungus growing up inside the plant until the 
inflorescence appears, when spore formation begins. Dissemination by 
the wind does not ooour so readily as in oat smut, owing to the persistence 
of the plant tissues enclosing the spore-mass. 

The treatment is the same as in oat smut. When, however, the 
loose smut is also found in the crop, the hot water treatment must be used 
as described below. 

Loose smut (Ustilago nuda (Jens.) Kell, and Sw.). — This is much 
rarer than the last in India, which is fortunate as it is more difficult to 
control. It resembles the loose smut of wheat (p. 163) in all important 
respects. 

The sori develop in the spikelets, enclosed by a thin, silvery membrane 
which ruptures as the ear emerges and sets free the loose spore-mass. 
The latter is soon dissipated, leaving the naked raohis behind. 

The spores are nearly round, 5 to 9/* in diameter, with a light brown 
wall, paler on one side than the other, and with faint spines. They 
germinate by forming a branched germ-tube without sporidia, as in 
17. Trilici , and like the latter are not very long-lived. Infection occurs 
through the flower, just as in loose smut of wheat. 

The hot water treatment is that most frequently used (p. 165)* 
As barley grain is less resistant to heat than the other cereals, a temper- 
ature of 126°F. only is allowable for the hot water bath, but the grain 
may be left in for 15 minutes, by whiah time the fungus will have been 
killed. 

Rust (Dwarf rust ( Puccinia simplex (Koern.) Eriks, and Henn.) 
Black rust {Puccinia graminis Pers.), Yellow rust {Puccinia 
gUmarum Eriks, and Henn.). — Barley, like wheat, is subject to the attacks 
of three distinct rusts, two of which are the same as two of the wheat 
rusts, while the dwarf rust of barley takes the place of orange rust of 
wheat. 
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Blaok and yellow rusts are common and quite similar to the forms 
on wheat. They are specialised on the two hosts, those on barley being 
unable to pass to-wheat, while those on wheat can attaok barley deoidedly 
less readily than its own forms. In Europe, the same results have been 
obtained, except that there the yellow rust of wheat is said not to attaok 
barley at all. In South Africa, blaok rust from wheat attacks barley 
readily in summer, but not at all in winter. It is worthy of note that 
neither from wheat nor barley can blaok rust pass to oats in India, though 
in Europe the blaok rust of wheat appears to be able to attack oats and 
in the United States also will do so, if first passed through barley, though 
unable to infect directly. 

Dwarf rust is less common than the others in India, having been but 
rarely seen. It is confined to species of Hordeum. 


The uredo son are small, citron-yellow in colour, and irregularly scattered on both 
surfaces of the leaf, resembling somewhat those of Pucci ma triticina. The urodospores 
are roundish or ellipsoidal, yellow, 19 to 22 /a m dia- 
moter when round and 22 to 27 by 1 5 to 20/a when 
elongated. The wall is rather thick, spiny, and with 
numerous germ-pores. 

The telouto sori aro scattered nP small, black 
crusts on the leaf but are more elongated on 
the loaf sheaths and Htcm. They are long covered 
hy the epidermis and often oonfluont. Tho teleu- 




tospores are oblong-olavate or pear-shaped, the apex 
Iwing rounded, flattened, or drawn out to one side, 
and the wall thick and usually broader near the 
apex than lowor down. Unicellular and bicellular 
spores occur in the Bamo sorus. 'They are chestnut . 
brown m colour, smooth-walled, and 25 to 54 by 
15 to 24 /a in diameter, the single-celled spores 
being tho smallest. The stalk is short and brownish. 
The sorus is usually divided into oompartmonts hy 


Fio. 69. Dwarf rust of barley clusters of brown paraphyses, which spread out 
an( l become flattened under tho epidermis. These, 
teleuto sorus (below), X 280. ant * the numerous singlo-collod teleutospores (“meso- 
s pores ”) enable the species to be readily identified. 


It is probable that the barley rusts agree with those of wheat in their 
dependence on climatic conditions, date of attack, and other general 
characters, and the section under wheat rust should be referred to for 
further particulars. 

Strife disease ( Helminthosporium gramineum Rabenh.). — This 
disease is said to be increasing in Europe, and is also known in the United 
States, east Asia, and other parts of the world. In England, it is sometimes 
called “ blindness ” or “ deaf ear/’ one of the most marked symptoms 
being the failure of the ear to set its grain properly. Losses of , 20 to 
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25 -per oent. have been reoorded in Europe, but in India and in the United 
States suoh serious damage has not yet been noticed. 

The disease begins by the appearance of small, pallid spots on the 
leaves and sheaths ; these may be visible on the first leaf of the seedling or 
not show until the plant approaches maturity, but when once a leaf is 
affected, usually all the succeeding leaves are similarly attacked. The 
spots early extend to long, parallel streaks, which may be continuous from 
tip to base of the leaf, or be broken by bands of healthy tissue. As 
development proceeds, they turn brown and the whole leaf gradually 
dries up. Old spots usually have a brown margin, with a straw-coloured 
centre in which the spore-clusters appear as greyish-blaok patches. 

The effect on the plant is considerable. In many instances the ear 
does not emerge from its sheath ; if it does, it remains erect and stunted 
and with the awns often twisted and bent (Fig. 64, 2 ). Even when 



Flu. 64. Helrninthosporium on barley and oats ; 1, late blight of bailey 
(Helrninthosporium tires) ; f. stripe disease of barley (Helminthoa- 
. porium gramineum) ; 3 , conidiopborea and conidia of B. tens, x 100 ; 

4, sane of B. gramineum, x 100 ; 5, same of H. Avenm, >■ 100 
(3—5 after Kblpin Kavn). 

formed, the grain does not mature properly, but remains small and soft. 
The leaves often split or shred, and wither early ; every shoot of the stool 
is usually affected ; and growth is checked so that the plant is often only 
half the normal size. 
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The hyphie are found between the cells of the diseoloured tissues. They give off 
olusters of thick, erect oonidiophores, which emerge through the stomata and bear spores 
(Fig. 64, 4). There is no constant difference between the conidial stage of this fungus 
and that of Helminthwportum A vena, described on p. 183 above, except that in the 
latter the oonidiophores are usually single, not clustered. 

In Europe, the fungus is said to have a further stage, whioh has been obtained in 
artificial culture and observed sometimes also on the plant. Masses of dark hyphre unite 
to form black solerotia, composed of pseudoparenchymatous cells and furnished 
with a covering of stiff, black hairs. Each of these solerotia may, under favourable con- 
ditions, develop a single peritheoium, containing asci and spores. The lattor are ellip- 
tical, with three transverse septa and often also a longitudinal one, brown in colour and. 
when young, with a gelatinous sheath around the spore. They measure 44 to 54 by 
17 to 20/i in diameter. This stage of the fungus, which has been described as Pyrenophora 
( Pleoapora ) trichoatoma (Fr.) Saco., has also been obtained recently in the United States, 
where, however, it is said to belong not to the present species of Uelminthosporium but 
to that next to be described. It has not been Been in India. 

Examination of the growing point of diseased plants shows that the 
hyphre can be found between the young cells of this part, just as in smut, 
and they reach the leaf by passing out into the young leaf-buds. It has 
been proved that the disease originates in the majority of cases from 
contamination of the seed prior to sowing, by oonidia which adhere to the 
grain at the time of ripening. Some oases also probably arise Jrom direct 
infection of the seed by the internal mycelium in the growing point of the 
Bhoot, or come from infected straw bearing solerotia or perithecia in the 
soil. Secondary spread from the first -formed conidia « probably rare. 
Hence the disease resembles the covered smut in many respects and it is 
easy to understand why all the shoots of a stool , and all the leaves formed 
after the first which shows the spots, are usually diseased. 

The treatment is, therefore, similar to that of covered smut or the smut 
of oats. The best results have been obtained in some oases with formalin 
an increase of yield of 25 per cent, having been noted. With copper 
sulphate, it has also been practioally prevented, but the germination of 
the treated grain was reduced by about 15 per cent. The hot water 
treatment is recommended where naked smut is also present, as it is the 
only treatment that checks both diseases. Recently, what is known as 
the intermittent hot water treatment has been advooated, as the ordinary 
hot water bath at 126°F. is said sometimes to injure the grain seriously. 
The seed is put in sacks about three-fourths full, and placed in water at 
about 104°F. for 3 hours, then in water at 118°F. for 10 minutes, then 
dipped again for about a minute in the bath at 104°F. and left for 2 hours 
in a heated room. Finally it is given another 10 minutes at 118°F. and 
spread out to dry. This complicated method could scarcely be used 
outside experimental farms. 
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Late-sown orops are said in Europe to esoape injury at times, but 
there is no evidence to show what effect date sowing would have in India. 

The fungus also attacks certain wild grasses in Europe and may be 
found on other hosts in India, on further search. 

Late blight (Hebninthosporvum teres Sacc.). — The parasite which 
causes this disease is practically indistinguishable in its oonidial stage 
from that last described, but its effects on the plant are quite different. 
It is considered to be the worst disease of barley in parts of the United 
States and is also common, but apparently less destructive than stripe 
disease, in Europe. 

The leaves become covered with irregular, oblong or elongated, dark 
greenish-brown spots, visible on both surfaces. Similar spots occur also 
on the glumes and spikelets. There is no deep-seated alteration in the 
growth of the plant, except suoh as occurs from interference with the 
functions of the leaves. The latter may turn brown and wither but do 
not split into shreds as in stripe disease, and although the loss of grain 
may be considerable, the ears are not distorted in the same way as in the 
last case (Fig. 64, 1 ). In bad attacks, the straw is dull brown with 
brick-red spots, and instead of standing erect at harvest time, falls over 
in a tangled mass. 

All stages of attack may be seen on a single plant ; the basal leaves 
may be quite dried up, those above progressively less spotted, while those 
at the top may be clean. Spread is rapid and, unlike stripe disease, 
the infection may quickly run through a whole field. 

The hyphai are found botwoon the cells, as in tho last species. The conidiophonw 
< ome out in clusters from the stomata and are reddish or dark brown, septate hyphm, up 
to 180/a long, with a somewhat flexed, blunt tip, on which tho conidia are borne singly. 
The latter are straight or slightly curved, 100 to 150 by 15 to 20/a in diameter, widest in 
tho middle, greenish-grey in colour (grey-black when old), and with 7 to 14 septa (Fig. 64, 3). 
After they fall, new ones may bo borne at tho Bamo plaoe. Germination occurs by germ- 
tubes from tho end colls, and occasionally one or two from the middle colls. Now oonidia 
may appear in culture in a few days or evon, at about 25°C., in 24 hours. 

Sclerotia are formed as in H. grnmineum, and give rise to pycnidia containing thin- 
walled spores, 2 to 4 by 1 to 1 '5 /a in diameter, embedded in mucus. Aooording to workers 
m the United States, it is these sclerotia, and not those of H. gramineum, that ultimately 
boar the pentheoia of Pyrenophora trichostoma, referred to under the last fungus. 

Infection occurs from mycelium located in the glumes ; from conidia 
on the grain or in the soil, the germ-tubes penetrating directly through the 
epidermis; from sclerotia in the soil or on dead straw ; or from the pyono- 
sporet and ascospores borne in these sclerotia. In direct inoculations on 
the grain, it was found that the attack was so severe that many seedlings 
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failed to emerge or died down soon after they appeared. Those that 
grow beyond this stage may show the first spots when about 8 inohes 
high or even sooner. These oome from an internal mycelium which has 
grown up inside the young shoot, but there is no generalised infection of 
the plant as in stripe disease and subsequently-formed leaves or shoots 
may esoape attaok, the internal mycelium failing to reach them. This 
appears to be due to the fact that the growing point remains free from 
the fungus. On the other hand, the oonidia produced on the first spots 
readily infect other leaves to which they are blown, and this aooounts for 
the rapid spread of the disease from plant to plant. 

Henoe two types of attaok can be distinguished : a primary, due to 
infection of the seed ; and a secondary, due to infection from the oonidia 
borne on the primary spots. 

The attaok varies in severity according to the variety, two-rowed 
barley being generally less damaged than six -rowed. The time of 
sowing is also important, as the parasite does not develop freely at 
low temperatures, which are not low enough to prevent barley from 
germinating. Secondary spread by oonidia is closely dependent on the 
weather conditions during the growth of the crop. 

Seed treatment has been Buooessful in checking this disease m the 
United States. Copper sulphate is effective, but has been found, as usual, 
to injure germination ; good results have, however, been obtained by 
soaking in 1 per oent. for 14 hours, followed by dipping in milk of lime 
(see under oat smut). Formalin of a strength of J per cent, or a little 
more (1 part to 160 or 200 parts water) is recommended in the United 
States. The hot water treatment is also said to be satisfactory, the grain 
being first soaked in water at ordinary room temperature for 4 hours and 
then plunged in hot water at 126°F. for 15 minutes (see under loose smut 
of wheat). It must be remembered that barley is more susceptible to 
heat than the other cereals, and even this treatment is said in Europe to 
cause injury ; the complicated intermittent hot water treatment intro- 
duced to replace it has already been referred to under stripe disease. 

It has been pointed out in Europe that though seed treatment will 
check the primary attack, it cannot prevent secondary infection, by 
conidia, if even a few primary infections esoape the treatment. The 
crop can also be infected from neighbouring untreated fields. Henoe, 
to be successful, it must be carried out on the whole crop, and this is 
probably why it seems to have been, on the whole, less effective in praotioe 
than against stripe disease. 
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MAIZE (Zea Maya L.). 

Downy mildew (Sderospora Maydts (Rao.) Butl.). — The destructive 
disease caused by this fungus was first described m Java in 1897, when 
it was predicted that extension to other maize-growmg countries would 
probably oocur. It was first seen m India at Pusa, in 1912, and was 
oertainly of reoent introduction, but when it reaohed India is 
unknown. In Java it causes epidemics of great seventy, but at Pusa 
the damage has been slight up to date. It is known also m the 
Philippines. 



Fro. 65, Downy mildew of main (SeUrotpora Moydit)* Effect' on plant 
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The disease becomes apparent before the plants have attained their 
full growth. The upper part of affected plants turns whitish, owing to 
the disappearance of the leaf chlorophyll in long streaks, the lower leaves 
remaining normal. The growth of the plant is checked and the intemodes 
frequently shortened, so as to give a bunchy appearance to the head 
(Fig. 65). Single plants only are attaoked, there being no evidence of 
spread from plant to plant, and the scattered cases of disease can easily 
be picked out by their pale colour and stunted, bunohy growth. Such 
plants usually produce no grain (though sometimes small cobs are borne) 
but the tassel is not uncommonly formed in a normal manner. The 
whole plant withers and dies, as a rule, some weeks before the rest of the 
crop is ready for harvest. 


The parasite is often visible as white, downy or woolly patches on 
both surfaces of the pale streaks. These are composed of the oonidial 
stage of the fungus. 


The hypha* are immersed m the leaf, where they pursue a tortuouN course between 
the cells of the loaf mesophyll in the disclourod areas. They aro large, unscptate, and 
with lateral swellings which indent and perhaps penetrate the cell w-alls, acting probably 
as hailstorm. When fructification is about to begin, hypha- collect in the sub-atomatal 
air spaces, and from them small clusters of conichophoros cniorgo through the^tomata on 
both surfaces of the leaf. 


The conidiophores aro very thick and rather short, In-ing usually about 20 to 25 fi 



Fig. 66. 8elsrotpora Maydit 
/, conidiophores with ripe 
conidia, X 210 ; f t early 
stage in conidfum-forma- 
tion, X 210 ; ,9, conidio- 
phore with fallen spores, 
< 110 ; 4 germination, x 
110 . 


in breadth and 150/* long, the longth, however, 
varying considerably. They are usually un 
branched at tho base, but fork twice or three 
timos near tho tip, the end branches being stout 
and provided each with two or more stengmata. 
Rach sterigma boar* a single oonidium, which falls 
off when ripe, leaving tho conidiophore devoid ol 
spores. 

The conidia a^c spherical when young but 
broadly oval when mature, hyaline, thin-walled, 
not papillate or stalked, and 28 to 45 by 1(1 to 22/* 
in diameter. They germinate readily in water, 
and may be found germinating in largo numbers 
in infected leaves in the field. One or two germ- 
ubes arise from any part of the spore, giving 
paring ly branched, rather slender hyphsB, often 
f considerable length. The subsequent history 

unknown, as the fungus has not been cultivated 
and no successful inoculations from conidia have 
been obtained. Germination by zoospore has 
never been observed. 


Unlike the allied species, Sckrorpora grcminicola, common in India 
on jowar and other plants, the second or oosposal type of fructification 
haB not been found, in spite of repeated search. It is quite unknown bow 
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the funguB persists from year to year or how infection ooours, though the 
characters of the disease suggest generalised infeation from the seedling 
stage, as in oat smut, and recently the hyphee have been detected close 
to the growing point of affected stems at Pusa, just as in the latter disease. 
Indeed, though oospores have been found. in enormous numbers in some of 
the allied species, they have never been germinated, and the life-history of 
the members of this genus (which only ooours on cereals and other grasses) 
is the most obscure amongst the Peronosporaoeae. Of recent years they 
have been found on many cereals (wheat, oats, maize, jowar, bajra, 
Italian millet, rice), and on sugaroane, in various parts of the world, and 
cause a group of diseases of considerable (and apparently increasing) 
economic importance. 

The treatment, on the information at present available, should be 
directed to preventing the persistence of the parasite from the previous 
crop. For this purpose it will probably be sufficient to remove, and 
destroy all diseased plants before they wither. Such plants can easily be 
recognised in the field and, so long as the disease remains sporadic, there 
should be no special difficulty in carrying out this measure. Until the life- 
history is better understood, rational treatment cannot be recommended. 

The closely related fodder plant, Euchlcena mexicann , is attacked 
by a similar disease in India, but the parasite has been provisionally 
referred to Sclerospora graminicola, in the absence of the oosporal fruit. 
It may prove, on further study, to be identical with the above. 


Rust ( Puccinia Maydis B6reng.)- 
Bombay but appears to be infrequent 
elsewhere, and does not occur in the 
extensive area under the crop in 
Bihar. It is most abundant under 
conditions of relatively high tem- 
perature, as in South Europe, the 
warmer parts of the United States, 
Africa, and Australia. 

The damage is rarely considerable 


-This rust is fairly common in 



in India, though it is said to do harm Fl0 . 67 . MaiH ruit „ avdu) ■ 

at times in other countries, especially fpoJe^eUiSTx'aw S ° ri ’ x * ; ftnd 
in thickly-planted maize during 

periods of high humidity. Under these conditions, the leaves may 
become covered with innumerable uredo sori, lose their green oolour, 
dvoop, and dry up, and the plant may fail to form its cobs. 


B. DIO 


13 
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The undo eori appear scattered or in groups on both surfaces of the leaf, at first as 
little yellow points, which elongate (sometimes becoming confluent), turn reddish-brown, 
and become pustular. The pustules burst soon, disclosing the reddith -brown, powdery 
spore-mass. The teleuto son appear later, as larger black patches, up to 2 mm. long and 
sometimes confluent. They remain long covered by the epidermis but burst eventually. 

The uredospores are elliptioal or ovoid, light brown, finely spiny, and measure 24 to 32 
by 20 to 28/a in diameter. They have 4 germ-pores. Infection oocurs as in the wheat 
rusts, the sub-etomatal vesicle being triangular in shape in longitudinal section. Two or 
more infection hyphsr arise from the basal angles. The ordinary hyphee are large (4 ‘5 
to across) and send branched haustona into the leaf ooils. 

The teleutospores are oblong or ovate, sometimes rather pointed at the apex, which 
is thickened, constricted at the septum, and bright chestnut-brown in colour. They 
measure 28 to 48 by 13 to 2 5ft and are borne on rather long, persistent, brownish stalks 
which are thiokened towards the top. 

Until recently this s]>eoics was thought to have no aocidial stage. It is now known, 
however, that it is hetercecious, like Puccinia graminia, the eecidium being formed on 
ftpecies of Oxalis in America, Europe, and South Africa, whore it has been known for 
many years as ABcidium Oxalidis Thu cm., A. PcyrtUchianum Magn., etc. It has 
recently been established that this eecidium can be obtained by inoculating Oxalis loa\es 
with sporidia from the teleutospores of Puccinia Maydis , while by sowing seoidioBpores 
from Oxalis on maize, the maize rust can be produced. As in the wheat rusts, however, 
there is no doubt that the secidial stago (which has not yet been Been in India) can be 
dispensed with. • 

A second maize rust is known in South Africa, where it is distinguish- 
ed as red rust, the present form being called brown rust. The red rust 
is attributed to Puccinia purpurea, which is common in India on jowar 
( Andropogon Sorghum) but has not been seen here on maize. The only 
other grass known to be attacked by Puccinia Maydis is the American 
fodder-grass, Euchlcena mexicana , a very close ally of maize. 

As the disease is seldom epidemic, it has not been as fully studied as 
the rusts of other cereals suoh as wheat, and no suggestions for its oontrol 
have been made. 

Smut ( Ustilago ZecB (Beokm.) Ung.). — The common smut of maize 
is one of the most remarkable of the diseases oaused by the Ustilagines, 
on aooount of the striking tumours whioh it causes on infected plants. 
It occurs in most countries where maize is cultivated. In India, it is 
confined to the north-west, being prevalent in Kashmir, less common in 
the Punjab, rare in the United Provinces, and unknown in Bengal and 
Bombay. Exoept in the temperate parts of the north-west, the damage 
done is slight. In Kashmir, it is considerable, the total loss to the maize 
crop from this and the next smut having amounted to an appreciable 
proportion of the harvest in 1908. In other countries the losses vary 
greatly from year to year. In parts of the United States the variation 
may be from 0 to 26 per cent. In Europe, losses of 20 per cent.. were 
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observed in many parts of Hungary in 1902-03, while up to- 30 per oent. 
has been noted elsewhere ; in 1847 the orop was ruined in parts of the 
south of France, and in 1879 much of the harvest was destroyed in plaoes 
in Italy. Generally, however, the damage is much less than this in 
Europe and the disease is only sporadic in ordinary years. The olimatio 
condition which most favours its appearanoe is said usually to be damp, 
warm weather during the period of most vigorous growth of the orop. 
In America, however, it is sometimes said to be prevalent in dry years. 

The disease appears in the form of soft tumours, on any part of 
the plant, from the roots to the tassel and cob. Most oommonly the 
cob is affected, least often the roots and then chiefly the adventitious 


roots above 
ground. Seed - 
ling plants are 
difficult to in- 
fect; if attacked 
they are either 
killed or stunted, 
but in the latter 
case may mature 
quite healthy 
ears. Usually 
the first boils 
are seen on the 
leaves when the 
plant is more 
than a foot high ; 
they are gene- 
rally small and 

wrinkled, at first white, then dark from the development of spores 
in their interior. As the plant grows, further tumours appear, 
especially at the junction of the leaf sheath and blade, and at the nodes 
of the stem. Here they may reach a very large size, stem tumours as large 
as a child's head being sometimes found. When the tassel appears, small 
- pustules are often found in the male flowers, each individual organ of the 
flower being converted into a smut boil. The female inflorescence, or 
cob, is very frequently attacked, the -whole ear, or more often only indivi- 
dual flowers, being affected. THe ovary may remain rudimentary or 
aborted, or may be hypertrophied to a tumour the size of a nut ; around 
it the floral scales are swollen, sometimes forming flattened masses, 



Km. 68. Maize smut ( Uatilago Zeat) : affected cob, X f ; spores 
aud their germination, x 460. 
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sometimes elongated to an inch or more and often quite hiding the ovary. 
Sometimes the large spathes enclosing the oob are affected by tumours 
of considerable size. Even when only a few of the flowers are attacked 
in a cob, the amount of grain produced may be greatly reduced, as the 
grains near the smut tumours frequently fail to develop. 

The structure of the young tumour is of intorest. It varies somewhat according to 
its localisation and the age of the tissues, hut the general result is the formation of a tissue 
rich in nutriont material, to serve as a food supply for the parasite. There is a rapid 
hypertrophy, duo to tho development of a tissue of thin-wallod parenchyma hetween the 
epidermis and the outer bundle sheath. The size of the olements m the bundles and 
sometimes also in the ground tissue is diminished. The hulk of the tumour comes to 
consist of nutrient parenchyma, rich in starch find other coll contents and with largo 
nuclei ; this is penetrated m all directions by small bundles, composed largely of sieve 
tubes and procambial oolls, the latter filled with dense plasma. The water-carrying 
vessels of the xylem are not developed, except at tho margin of the tumour, and tho xylem 
elements remain unligmfied In the bundle shontha, the cells multiply and rernsm thin- 
wailed, while later on, masses of thin-wullod parenchyma, rich in starch, are found within 
the bundles. The ultimate ramificatiuns of the latter are composed of short, narrow, tlun- 
walled, cylindrical cells, placed end to end, and not differentiated ; those aro filled with a 
granular substance and have large nuclei. 

The nutrient tissue is entirely usod lip during the process of spore-formation of tho 
fungus, and the npe smut boil consists of a mass of spores, mixod with which are the 
remains of the emptied and collapsed parenchyma cells of tho host, while tho persistent 
bundles ramify aB a fibrous network between the spores. Tho epidermis, which covers 
tho tumour us a thin, white membrane, differs from the normal leaf epidermis in ‘being 
composod of thin-wallod, uncuticularisod. polygonal cells, with few stomatu, many of 
whioh are distorted, and without hairs. It ruptures easily and permits tho spores to be 
disseminated into the air 

Deep-seated alterations may be aaused in the mfloresoenoe as 
a result of the attack. It i* well known that in maize the male and 
female inflorescences are separate, the former terminal (tho " tassel ”), 
the latter lateral (the “ cob ”). In smutted plants, however, it has 
sometimes been observed that the male inflorescence bears female and 
hermaphrodite flowers in its lower part and may even give perfeStly 
normal grain at the base. 

Each individual tumour arises from an independent infection at the 
looality where it is formed. Infection may take place at any part of the 
plant where growing tissue is present but cannot occur once the cells 
have ceased growth and reached maturity. Hence the earlier infections 
are usually on the leaves, the only growing parts visible when the plant 
is young. As growth continues longest in the leaves at the junction of 
the sheath and blade, this part is exposed to infection after the rest of the 
leaf has become immune. When the elongating stem become* visible, 
especially at the nodes, stem tumours begin to appear. Then the tassel 
comes out and in turn becomes liable to infeqtfon. Last of all, the ooba 
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begin to form, and as the spores produoed earlier, on other parts of the 
plant, are now mature, infection of the oobs is naturally very likely to 
occur. It has been found in the United States that infection of young 
tissues is assisted when they are wounded ; it is stated that the attacks 
of boring inseots in such localities are ofteD followed by the formation of 
smut tumours, and it is suggested that inseots may be an important agenoy 
in bringing about infection. Plants of low vitality are also easily attaoked, 
and rapid total inlecticyn can be secured by exposing the plant to the 
vapour of ether, or by heating it to 70°C. Ah the parasite lives on sur- 
plus food stored in the nutrient tissue by the plant, its growth can be 
accelerated by reducing the effort required by the plant to provide this 
food, as for instance by giving sugar to the plant. 


Infection occurs by the ontry of a germ tube from a sporirlimn which has lodgod on 
any actively growing part The germ-tube bores through the young epidermis and at 
first grows into and through tho colls of the parenchyma below, stimulating thorn to active 
division. Homo of tho branchos oxtend rapidly throughout tho tissuos, so as to spread 
the infection over a considerable area; those are known as infection hyph®. Others 
form little clumps, with many branches, within individual cells ; theso are the feeding 
Jivphse, which may bo compared to the hailstorm of parasites that live mainly between 
tho colls, aH the rusts of wheat. Tho infection hyph® may either grow between tho cells, 
sending feeding hyph® into them, or may pass directly across a coll. In tho latter case, 
the fungus doen not, as a rule, come into contact with the cell contents, being enclosed 
m a cellulose tube or sheath which is manufactured around the hypha the moment it 
enters tho coll, and koops pace with its growth. This sheath is developed through the 
activity ot the coll protoplasm, and is a defensive dovice by means of which the coll endea- 
vours to pro toot itself against the injurious action of tho fungus. Sometimes it is formed 
so rapidly and in such strength as to stop tho growth of the hypha altogether. In tho 
young, thin-walled parenchyma of tho newly -formed tumour, the bulk of the fungus is 
found chiefly Iwtween the colls, und up to the time of spore formation thorois no des- 
truction of the cell contcnls, the parasite living on surplus food supplied by the plant. 
The infection hvph®, passing across the cells unclosod in their celluloso sheaths, are best 
soon towards tho margin of the tumour. The hyphao do not confine themselves to the 
colls of the parenchyma but also penetrate tho young bundles, being found, for instance, 
in tho large vossels of the axis of the inflorescence in diseased ears. They do not, however' 
extend far beyond tho seat of the primary infootion, being limiled to the swollen tissues 
of tho tumour. The infection is thus local in maize smut, in contradistinction to such 
oasos of generalised infection as oat smut and the stripe disoase of barloy. 

When the parasite roaches maturity, about throe weeks after the 'infection, dense* 
clumps of hyph® collect within the colls here and there throughout the tumour. The 
ends of these hyph® are riohly branched and segmentod into short, uninucleate lengths. 
Soon tho wall between each pair of segmonts dissolves and an irregularly cylindrical cell 
with two nuclei results. The wall of this becomes softened nnd gelatinised, tho cavity 
of the hypha almost disappearing, and as the neighbouring hyph® and their branohes 
coalesce by their softened walls, their individuality is in great part lost. Tho swollen 
mass then becomes differentiated into numerous binucleate portions, surrounded by a 
dense gelatinous sheath. These are the spore origins, at first irregularly polygonal from 
mutual pressure, but soon almost spherical. Each spore origin consists of a protoplasmic 
core with two nuclei and oily contents, surrounded by a gelatinous wall. The latter soon 
becomes more definite in contour, and a dark lino appears in it at a short distance from 
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the outer edge. This becomes the outer spore wall or exospore, which is provided with 
fine spines, at first embedded in the colourless sheath but afterwards, by the gradual 
disappearance of the latter, quite free. An inner, coleuiiess wall, the endospoTe, bounds 
the protoplasm of the spore. At maturity, the gelatinous remains of the spore-bearing, 
hyphse entirely disappear and the fully formed spores which become uninuoleate by 
fusion of the two nuclei, lie quite free in dense masses. 

The mature spore is round or elliptical, 7 to 1 2fi in diameter, and- with a clear brown 
wall, furnished with small, rather scattered spines. The Indian spccimt ns do not germinato- 
readily in boiled water when fresh (less than 1 per cent.) and in Europe they are said to 
require a resting period of 8 to 12 months before they will germinate in water. In the 
United States, however, they apparently germinate freely in water, as sot n as ripe. In 
nutrient solutions, such as a decoction of manure, immediate germination can readily be 
obtained. A 4 or G-cellcd promycelium is formed, which boars spindle-shaped spondia 
at the tip and laterally near tho septa. In water, these spondia sometimes bud off 
secondary spondia while still attached, this being especially tho case when the 
promycelium extends out of tho wator into tho air. In nutrient solutions, this budding 
is much more vigorous, long branching chains of spondia ansing from the promycelium 
and continuing to bud off now ones e\ on after they become detached. These chains 
frequently project into the air above the level of the liquid and are, therefore, suited for 
air-dissemination. Sometimes the promycelium or the oarlier formed spondia, immersed 
in the liquid, grow into a hypha which reaches the surface and there forms a chain of 
aerial sporidia. Very often the whole promycelium is thrown off and continues to bud 
out sporidia aftor separating from tho spore. Tho spondia themselves may ineroaso m 
size in the liquid and even bocomo septate before budding off new spondia. 

In artificial cultures of tin* budding sporidia, largo, dark brown, round bodies, re- 
sembling tho spores found in the host plant (except that the wall is smooth pilose been 
observed, under certain conditions. They are formed either directly frr m tho sporidia h> 
septation and rounding off of tho component cells, or from the germ-tides whioh simi- 
larly segment. They are believed to represent an early stage of true spore formation, 
and if this view is correct, furnish one of the very few cases known in which true smut 
spores have been obtained in artificial culture under saprophytic conditions. 

Few smuts are known which grow so vigorously as saprophytes as this Hpeoies, and 
the saprophytic life may bo prolonged almost indefinitely by transferring at intervals to 
fresh nutrient solution. At any time, under suitable conditions and especially when in 
oontact with the surface of a maize jilant, the spondium can develop a germ-tul e instead 
of a new sporidium, and this is capable of penetrating the young tissues and forming a 
smut boil. The spondia have been shown to remain alive on a glass slip for 5 months 
and also to stand freezing. The spores themselves are much more resistant and will 
even retain their germinative capacity after passing through the digestive canal of animals 
fed with smutted plants. As tho sporidia continue to develop vigorously in cattle manure, 
it can readily be understood why the use of such manure has often been observed to lead 
to a smutted crqp. The production of aerial chains of spondia, so characteristic of this 
species, enables them to be readily blown on to all parts of the maize plant. Infection 
appears to result only from sporidia, or the hyphse which arise from them, not direcHy 
from the primary spores ; and the chances of the parasite reaching susoeptible parts of 
the host plant would be relatively small, were it not for the copious production of these 
aerial chains of sporidia. 

In maize grown for fodder, smut does not cause any appreciable 
damage. The plants are not in any way hindered in their growth by the 
localised infection, as a rule, and are even said to be preferred by cattle. 
The chief losses occur where the cobs are severely affected in maize grown 
for grain. 
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Seed treatment is clearly of no use in checking this disease, sinoe 
infection is not often from the seed. The only real remedy is to remove, 
as soon as they appear, all smut tumours (or the whole plant in severe 
oases) and burn the infective material. Sinoe organic matter favours 
the development of the sporidia where spores have lodged in it, care should 
be taken not to expose manure heaps and the like to contamination from 
spores or diseased plants. For the same reason, the use of cattle manure 
is, not advisable where maize smut is bad. Rotation is important, as 
the spores may remain in the soil and germinate the following year. The 
seed may occasionally oarry spores, so it is advisable to select it from 
healthy fields. 

The only other plant known to be attacked by this fungus is the fodder 
grass Euchlcena mexicana , which, as already mentioned, is also liable 
to maize rust and is olosely related to maize. 

Head smut ( Ustilago Reiliana Kuehn). — This smut is readily dis- 
tinguished from Ustilago Zees, 
as it does not form tumours 
on the host plant and is con- 
fined to the male and female 
inflorescences ; the stem escapes 
attack, while the upper leaves 
rarely bear a few sori. It is 
known in the United States, 
southern Europe, Afrioa, Aus- 
tralia, and Japan. In some 
of these countries (as Australia) 
it is commoner than the ordi- 
nary smut, but usually it is 
comparatively rare. In India, 
it occurs chiefly in Kashmir 
where it is probably more de- 
structive than Ustilago Zees , and 
sporadically in the Punjab and 
northern Bombay. Elsewhere, 
though found on jovar, it has 
not been seen on maize. It was 
fir* described from Egyptian TOMi 

speoiatsnB oolleeted in 1869 and tWr * ' w - 

has been known from India, under the name Ustilago pulmraeea, Oke., 
sinoe 1876. 
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Head smut is usually first notioed on the tassel, sometimes converting 
the whole upper part to a mass of smut, sometimes affecting single flowers 
or a portion of the infloresoenoe only. It forms a rather hard, rough, 
black mass, not soft tumours like Ustilago Zees. In some oaseB, sori are 
not produced, but the affected flowers grow out into leafy structures and 
even into small shoots. When sori form in individual flowers, the latter 
are often much enlarged and deformed. Usually when the tassel shows 
the smut, all the cobs below are destroyed, though occasionally one may 
escape or be only partially attaoked. On the other hand, the tassel may 
escape when the cobs are all involved. In the cob, the sorus usually 
takes the form of a single large smut -mass, enclosed in the bracts and 
surrounded when young with a smooth or lobed membrane, which 
encloses the whole part that should have borne grain. The rudimentary 
cobs often found in the lower parts of the plant may not become smut 
sori but be transformed into twisted leafy masses. Side shoots may be 
similarly deformed. Rarely, a few sori are found on the upper leaves 
or on the bracts around the cob. 

The smutted plants are often stunted in growth, brittle, and remain 
green longer than the rest of the crop. These characters help in ^detecting 
the disease, w'kioh is often less easily seen than' common smut as the sorj 
may remain completely hidden by the enveloping bracts. It is not 
uncommon to find both kinds of smut on the same plant. 

The sori are variable m size, from a quarter of an inch or loss* on single flowers of the 
tassel, to several inches long on the cob. They are enclosed in a delicate, pinkish-white 
m m bran©, which ruptures at maturity, oxpohing the black spore-mass. In largo son, the 
fibro-vaBCular tissues of the host jiersist as a slnngy, fibrous mass, surrounded by the 
spores. 

The Bpores are round or sorrow hat angular, of a rathei opaque brown colour, and 
measure 10 to 16/* in diameter, the nurfaco lteing furnished with numerous minute papilla 1 
They are darker brown than in T r sfiltigo Zc<r and the spines smaller and more densely 
arranged. Mingled with them are groups of hyaline, sterile colls, sub-spherical in slmpc 
and 7 to 15/a in diameter. The onclosing membrane is formed of similar coIIb. When 
young, the spores are aggregated into masses, but at maturity they separate from one 
another readily when disturbed. Hence tho species is intermediate in its characters 
between the genera Ustilago and Soros porium, and lias been placed in the latter by 
several writers. 

Germination occurs readily in water with the production of a tliick, straight pro- 
myoelium, which is usually 4-oollod and not uncommonly branched. Sporidia are borno 
terminally and near the septa ; they may sprout into a few secondary sporidia but their 
development in water is feeble. In nutrient solutions, however, a very copious produc- 
tion of sporidia occurs, branching of the promycelium is common, and chains of secondary 
sporidia, from which long hyph® may grow, are formed. The Spores have been germi- 
nated after being kept for about eight years, and even the sporidia can survive for several 
months, if kept dry. They germinate best at temperatures between 80° and 90°F. but 
survive even severe freezing. 
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The method of infection has been chiefly worked out on jo war, but doubtlens follow* 
the same course in maize. Flower infection, such as occurs in the loose smuts of wheat 
and bailey, does not take place in this smut, nor is the infection mainly due to spores 
carried on the seed coats, as in oat smut and bunt. The main infection comes from the 
soil and takes place usually during the early stage of seedling growth. But the period 
during which successful infection occurs is not sharply limited to a definite stage of the 
seedling, as in oat smut, for it may take place even after the first loaf has emerged and 
begun to turn greensand successful inoculations have been roportod on seedlings about 
5 inohes high. It is possible also that even later infections may occur, through the lateral 
buds at the nodes, as thoro is some evidence that the disease may spread from plant to 
plant when healthy plants aro growing in the neighbourhoc d of thoso bearing smut son. 
The finer details of infection and growth in Iho tissues have not leen followed 
out. 

The disease resembles flag smut of wheat in infecting from the soil, 
and seed disinfection has been found to he even less satisfactory than 
with that smut in checking infection. Formalin, copper sulphate, and 
hot water have all been tested, with unsatisfactory results. / 

The spores are shed from diseased plants on the soil around them and 
remain alive till the following season. Hence smutted plants should he 
removed as soon as they can be detected. Rotation is evidently of 
considerable importance, but further work is required to determine the 
range of dissemination of the spores and the length of time they can 
remain alive when exposed to seasonal varieties of soil moisture and 
temperature. 

The parasite also attacks jo war. 

Leaf blight ( Helmivthosporium turcicum Pass.). — This is a fairly 
common disease in many parts of India and is the only maize disease that 
has been observed every year to a greater or less extent at Pusa. It was 
first described in Italy in 1876, and has since been reported in the United 
States, South Africa, Japan, the Philippine Islands and indeed in most 
maize-growing countries. 

The attaok begins as small, yellowish, round or oval spots on the 
leaves. These extend along the leaf, often limited for a time by the 
veins, and coalesce into longitudinal bands, which may cover a great part 
of the leaf. The affeoted tissues become thin and semi-transparent ; then 
they gradually darken and are oovered, in moist weather, with velvety, 
dark greenish patches, due to the fructifications of the fungus. The 
attacked leaves gradually dry up and have a burnt or frost-bitten appear- 
ance. In severe attacks, the plants may be stunted and the ears poorly 
developed ; sometimes they are said to be killed, but the usual effect is 
only to oheok growth and weaken vitality, so that the stalks and grain 
fail to mature properly. 
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The fungus resembles the Allied species which attack barley and oats, but has not 
been as fully studied. The oonidiophores arise in clusters from the stomata on the surfaoe 
of the diseased spots. They are long, narrow, unbranohed hyphee, slightly bent or 
ourved above, septate, yellowish-brown, and up to 180 /a long by 6/a broad. Theoonidia 
are borne singly at the tips and fall off readily. They are long, rather broad bodies, with 
3 to 7 transverse septa, somewhat narrowed at the ends and oonstrioted at the eepta r 
greenish-yellow to brown in oolour, and 80 to 120 by 20 to 24/a in diameter. 

The oonidia germinate by a germ-tube from one or both ends, and in oulture new 
spores appear in a few weeks. They readily infect young healthy maize leaves, oausing 
spots to appear in about a week. 

Serious damage has been recorded from this parasite in Italy and the 

United States. In the 
Philippines also, a bad 
attack was reported a 
few years ago, on im- 
ported maize varieties, 
when the crop was 
about 4 \ feet high. 
The local varieties 
escaped damage. In 
India, the growth is 
sometimes checked and 
there is a good deal of 
loss of leaf in indivi- 
dual plants, but the 
total injury seems to 
be slight. In South 
Africa, where it threa- 
tens to be a serious 
disease, the variety 
known as Natal White 
Horsetooth is said to 
be almost immune. 

No treatment is 
known. It is pro- 
bable that the fungus 
persists on plant debris 
in the soil, and rotation is therefore advisable. It is suggested in 
the United States that it may be carried by manure from animals 
fed on diseased leaves, ft is not known if seed infection occurs as in 
the allied diseases of barley. 

The fungus causes a similar disease in jowar. 


Fig. 7o. Maize leaf blight ( Belminthotporium turefeum) : 
top of affected shoot, x & ; conidiophores, conidia, 
and germination, x 170. 
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JOWAR OR SORGHUM (. Andropogon Sorgkum Brot ) 

Downy mildew ( Sclerospora grammtcola (Saco ) SohroeJ. var^ 
Andropogonis-Sorghi Kulk ) — This disease is prevalent in Bombay and 
is also found in Madras, but has not yet been seen m other parts of India 
or m any other country Th e same parasite (or a variety of it) also attacks 
several other plants, and as it has been most fully studied on bajra 
(Penntsetum typhoiteum), a more oomplete description will be found 
under that crop 

On ]owar, three distinct types ol attack have been desonbed In the 



Fio 71 Downy mildew of jowni (Srltronpora gromimooia va» Andropigonit 
Soighi ) affected seoHluu 


first form, the disease appears m the seedlings just aftei they come up 
(Fig. Tl) Affected plants have pale yellow, narrow Leaves, covered with 
a fine white down consisting of the oomdial stage of the fungus Tl is 
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ooours on both surfaces, but chiefly underneath. The plants continue to 
grow and, when about 5 or 6 weeks old, white streaks appear on t}ie upper 
leaves. The tissues then tear along these streaks, causing a well-naarked 
shredding of the leaf, which may result in the separation of all the leaf 
tissue from the midrib in long strips. At the same time, the white areas 
turn brown from the production of quantities of oospores immersed in 
the leaf, and similar oospores may appear in the upper sheaths. The 
plants remain stunted and sterile, no ears being formed. Only individual 
plants are attacked and there is no indication of spread from plant to 
plant. This form of attack is exceedingly like that which ooours on 
bajra, except for the peculiar effects on the ear of the latter. 



Fig. 72. Downy mildew of jowar : healthy and diseased ears. 

In the seoond form, the first symptoms are notioed when the plants 
are about two months old. The top leaves turn white, as algo do the bases 
of the lower leaves. Irregular brown or yellow streaks then appear and 
oospores develop in quantity in these. On the lower leaves, pale yellow 
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patohes appear, on which the oonidial form is- found. This may occur at 
the same time as, or even later than the production of oospores. Affected 
plants rarely produce ears or if they do the ears are small and with only 
a few small grains, but they are not malformed as in bajra (Fig. 72). 
This iB the commonest and most prominent form and seems to do most 
damage, but there is no indication of spread from plant to plant. 

In the third form, the affected plants are in groups and the disease 
seems to spread from one plant to another. The leaves are marked by 
long, narrow streaks and patohes, at first pale yellow, then orange, and 
finally dark brown. Conidia arc found on both surfaces, especially on 
the under side, but no oospores are produced. The patches appear to 
spread from the lower to the upper leaves and from the apex to the base 
of individual leaves. They are limited by the main veins. When the 
attack is severe, the whole leaf dries up and turns dark brown, but there 
is no leaf-shredding. Normal eart are produced. 

Iu Madras, it has been noticed that the disease is generally (though 
not always) most severe in the wetter parts of fields. In some forms of 
attaok the internodes are shortened and the leaves arise close together 
and stand out stiffly from the stem for some distance before curving 
over. Hence the Tamils call the disease by a name suggesting the resem- 
blance of affected plants to the screw-pine (Pandanus). It has also been 
observed that the young shoot -buds, which sometimes develop laterally 
on the stalk, may be attacked and become deformed, remaining 
imprisoned in the sheath of the subtending leaf. 

Tho microscopic character- of the parasite agree with those more fully desonbrd 
below under bajra, except in certmn particulars. 

The conidia are roundish instead of oval 
(though with approximately the samo limits of 
measurement as on hujra) and they germinal o 
invariably by a germ -tube and not by zoospores. 

The ultimate branches of the »}>orophore am 
also longer, being up to 1 (</a as against alnmt S/a 
in the bajra fungus. It is not improbable that 
these differences will eventually be considered 
of sufficient importance to constitute distinct 
species, but the life-history and, in particular, 
the ability of these fungi to pass from ono host 
to another, is not yet sufficiently known for a 
decision to' be arrived at. Attempts at cross- 
inoculation have hitherto failed, but havo been 
few in number. - 

Hie disease is not at present a serious one, 
but it belongs to a group which has dangerous possibilities. No treatment is known, 
but probably the steady eradication of ail a ffeoted plants would gradually bring about 
its disappearance. 



FlO. 73. ScUrospora graminieola 
var. A ndropoaonis-Sorghi • 7, 

conldiopbore with young conidia; 
t, older stages ; 8 , conidia ; 4, ger- 
mination. 
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Rust (Pucdnia purpurea Cke.). — This is one of the commonest rusts 
of cultivated crops in India, though the statement formerly made that 
it is found on most of the millets and wild grasses in the Plains is devoid 
of foundation. It has only been found here on Andropogon halepensis 
(which many consider to be the wild form from whioh Sorghum developed) 
though it is reported to attack maize in South Africa. It is known in 
the Mediterranean basin, south, east and west Africa, the United States, 
the West Indies, Australia, and throughout southern and eastern Asia. 
It is not knovrn whether it has an eeoidial stage on some other plant, like 
several allied species. 

The parasite causes the appearance of bright purplish -red spots 

whioh sometimes cover a consider- 
able proportion of the leaf sur- 
face. In these spots, especially on 
the under side of the leaf, small, 
brown or reddish uredo pustules, 
elongated, parallel to the veins 
and always situated between the 
latter, appear. The pustules are 
scattered or in small irregular 
groups ; sometimes two or more 
unite. At first the} are covered 
by the epidermis, but this soon 
ruptures, exposing the light brown 
spore -powder. 

Later on, other similar son of a 
deep reddish-brown are found in 
the same spots, chiefly on the 
under surface. These are the 
teleuto sori. As in Pucdnia gra- 
xiu. /*. iiowar ruse \rucc\n\a purpurea} ■ tnint8 f teleutospores may also 
* 4 ' ,pore deU " 5 ( ‘ f “ r develop in the uredo sori, oaus- 
ing the colour of the latter to 
deepen. When separate, the teleuto sori remain long covered by the 
epidermis. 

The uredospores are ovate or elliptical, with the bane flattened where it joins the 
stalk, and measure 30 to 40 by 20 to 30p in diameter. The epiapore in yollowi»h-brown 
and furnished with low, almoet oolonrleea, tubercular spines, and there are 4 or 0 germ- 
pons about the middle. Mingled with the u redos pores are numerous, large, irregularly 
club-shaped paraphyse*, which vary in oolour from pale yellow to brown or reddish* 
brown, the deepest tint being usually at the tip, where the wall is often much thickened. 
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The teleutospores are deep brown, generally elliptical, with both ends rounded, 
slightly oonstrioted at the septum, and with a thick, smooth epi spore, sometimes brbadei 
at the apex. They are 40 to 60 by 22 to 30/a in diameter and arc borne on long, persistent 
stalks, up to lOOfi in length. Paraphyses, quite similar to those in the uredo soli, also 
accompany the teleutospores. The latter germinate readily in water after a few days and 
give rise to typioal promyoelia, bearing oolourless, oval sporidia, 15 by 10 /a in diameter, 
on long sterigmata. These sporidia are hot known to be able to infect any plant. 

The extent of the injury caused by jowar rust is doubtful. On the 
one hand, statements have been made that it Tanks amongst the most, 
destructive diseases in India, the annual yield of grain being greatly 
diminished as a result of the attaok. On the other hand, it has been 
noticed in Madras to be most abundant when the crop is ripening and to 
affect the lower and older leaves, w iiioh have already for the most, part 
done their work. It is probable that the injury caused by it has been 
exaggerated. No doubt, it is common to find “ light ” ears of jowar, but 
rust does not seem to be the chief cause of this condition. Some, perhaps 
the majority of oases, are due to the attacks of other fungi or insects, 
such as the downy mildew already described, stem borers, plant lice, and 
plant bugs. Others are probably due to unfavourable climatic or other 
conditions and the attacks of the oereal mould (Cladosporium) described 
above on p. 177. 

In the southern parts of India, rust and other' jowar diseases depend- 
ing on air-borne infection are much favoured by the praotioe of sowing 
successive crops of this cereal throughout most of the year-; there is 
probably no period when the fresh uredospores are not being liberated 
into the air. In Bombay also, the fungus has been found on both monsoon 
and cold-weather jowar. On the other hand, in those parts of northern 
India where only a single crop is raised, the uredospores have less chance 
of remaining alive until the following crop is ripe for infection and it is 
an observed fact that the rust is Jess common in these localities. In 
Bihar, for instance, it has been rarely seen, and here the uredo- 
spores would have (if infection is con\ e> ed by them) to remain alive in the 
soil or on decomposing straw through the cold weather and some of the 
hot weather months, before the new crop would be ready to take infection. 
It must not be forgotten, however, that the fungus if? able to live on the 
wild variety, Andropogon halepensis, and this grass (known as “ Bare ") 
persists longer into the cold weather than the cultivated form. 

There iB no accurate knowledge of the relative susceptibility to rust 
of different varieties of jowar, though it has been stated that some races 
are resistant. Should it be found that the disease is more serious than 
it is at present believed to be, this point would have great importance. 
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As already explained under wheat rust, practically the only method of 
checking this class of disease is by the introduction into cultivation of 
lust-resisting varieties of the host plant. Should these varieties be of 
inferior quality in other respects, it may be still possible, by the applica- 
tion of modern methods of plant breeding, to improve them up to the 
required standard. But, so far as is known at present, there is no 
immediate need for active measures of this nature. 

Puccinia purpurea has, been reported also on bajra ( Pennisetum 
typhoideum) in India, but this seems bo have been due to a mistake in 
the identity of either the fungus or the host plant. A second rust of 
jowar, with smaller uredospores, is said to have been found in Madras 
some years ago, but has not again been seen. 

Grain smut ( Sphaceolotheca Sorghi (Lk.) Clinton). — This is the 
commonest smut of jowar in India, as m most countries where the crop 
is cultivated. It is probably, too, the most destructive disease due to a 
smut in this country, causing great losses in Madras, the Central Pro- 
vinces, Bombay, and Burma. Even in north India it. is prevalent in 
some places, as in Dehra Dun, but it is very rarely Been in the 
neighbourhood of Pusa, where, however, the crop is of little importance. 

Individual grains only are attacked. As a rule, the majority of the 
grains in an affected ear are involved, each being transformed into a 
spore-sac •which varies in Hhape and size according, apparently, to the 
variety of jowar concerned. Generally the grain is replaced by an oval 
or cylindrical, dirty-grey sac, sometimes conical at the tip, and measuring 
from i to J inch in length by to £ inch or more in breadth. This is 
surrounded at the base by the unaltered glumes. Sometimes the stamens 
develop normally (Fig. 75, 4 ), but more usually they are wanting or 
are involved in the sorus, being represented by three conical protrusions 
from the sides of the spore-sac (Fig. 75, 5). The stigma is ordinarily not 
included in the sorus. Spores are not formed in any other part of the 
plant. In certain varieties of jowar, the shape and size of infected grains 
are not altered and no elongated sac is produced, but the grain, when 
broken* is found to be filled with smut powder. In these hidden forms, 
the disease may easily escape detection until about harvest time, when 
some of the grains are often ruptured and expose their black powder. 
They can ako often be recognised with practioe by the reddish colour 
of the envelope of the affected grains. Sometimes the ear is only partially 
smutted, the remaining grain developing normally. Affected plants are 
not altered in any other way than by the changes in individual grains. 
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The wall of the spore-sac varies according to the oharaoter of the attack. In the 
long, protruding sacs, the wall is almost entirely composed of fungus tissue in the form of 
a parenchyma of small oella, 0 to 13^ in diameter. Only at the base is the wall composed 
partly of the tissues of the host plant. These sacs rupture and shed their spores more 
easily than in the next type. In the hidden forms, the wall is in great part the or dina ry 
wall of the ripe ovary, whioh is tough and rigid and remains unbroken usually until 
after harvest. 



Fig. 75. Grain smut of jowar (Sphaulothtea Sorghi) : I, smutted ear, 

X ft ; t. a sorus magnified ; 3, columella left after the spores have 
fallen ; 4, sorus not involving stamens | 5, sorus with stamens 
involved ; 6 ’, spore germinating with promyoelium and aporidis, 

X 45n ; 7, spore germinating with branched germ-tube, X 450 ; 8, 
promy celia with hypbee In place of sporidia, X 450 ; 9, promyoelia, 
aome constrioted at flist septum preparatory to Ming cast off, 

X 460 ; 10, oast promyoelia, x 450 ; 11, piomycelium with budding 
chains of sporidia. X 450. 

The interior of the sao is entirely filled with the spore-powder, excepting a slender 
central oolnmn of hard tissue, which is hollowed into depressions at the surface, filled 
with spore* (Fig. 70, 3). This “ oolumella is composed of the tissues of the host plant, 
consisting of parenchyma traversed by fibro-vascular bundles. Occasionally it la 
branched above, the sjjore-soos being sometimes lobed to correspond with the branches. 
These lobes represent the transformed stamens. 

B, DTO * 
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The spores are round to shortly oval, dark brown in mass but brownish-olive singly, 
smooth, sad 6 to tyt (generally about 6/ul) in diameter. They are often united into loose 
masses, which break up into the individual spores as soon as plaoed in water. 

Germination may take, place immediately, or after the spores have been kept dry 
for a long period— -up to ft least 6} years it is said. They have been germinated in India 
after two years. In water there are two distinot types of germination, either of which 
may predominate in any individual specimen. In one type, a typical promyoelium of 
4 cells is formed, which buds off sporidia laterally and from the apex (Fig. 75, 6). The 
sporidia are spindle-shaped, 10 to 12*5 by 2 to 3/* in diameter, and do not bud off secondary 
sporidia readily. Clamp -connections and buckle -joints occur, sb in oat smut. In the 
other form, the promyoelium is not distinct and sporidia are not usually formed, but a 
branching germ-tube arises directly from the spore (Fig. 75, 7). Intermediate types may 
be found, in which a 4-celled structure similar to a promyoelium is produced, but, instead 
of sporidia, long, branching hyphse arise terminally and laterally (Fig. 75, £). In nutrient 
solutions, germination is much more vigorous and a promyoelium (or sometimes two) 
with sporidia is generally formed. This promyoelium is often markedly constricted at 
the top of the basal segment and may be sharply bent at this point. Sporidia may be 
borne at this stage, but more usually the constriction deepens until the whole upper 
part of the promycehum is abjunoted from the spore and thrown free in the liquid, 
before any sporidia are formed and even before the upper two septa of the promycelium 
can be seen without special staining methods (Fig. 75, 9-W). On both endB of the fallen 
part of the promyoelium and also laterally near the two septa (whioh are now distinct) 
sporidia then appear. These sporidia are longer than those formed in water culture, 
being often up to 20 p in length, and sometimes become divided by one or more 
transverse septa and increase in size after becoming detached from tho parent stalk. 
They bud out long; branching chains of secondary sporidia, similar to themselves 
(Fig. 75, 11) Sporidia are also sometimes borne on the tip of the basal segment loft 
still attached to the spore. The formation of a branching germ-tube, or the production 
of hyphs instead of sporidia on the promyoelium, is less often observed in nutrient 
solution than in water, but has been seen in several cases ; as the nutrition becomes 
exhausted, the sporidia also send out fine hyphse instead of budding off new 
sporidia. 

The life-history of this smut is similar to that of bunt or oat smut. Infection 
can only ooour between the time of germination of the seed and the appearance of the 
seedling above ground. This time varies according to temperature and moisture. 
Jowar germinates best between 30° and 40°C., the rate decreasing progressively down 
to 10°G. The primary shoot grows more quickly the more the soil moisture, up to at 
least 20 per cent, by weight of water. Infection occurs best on slow germinating 
seed checked by cold, since the optimum temperature for germination of the spores is 
only from 20° to 30°C. The fine hyphse which arise from the promycelium, as well as 
those given out by the sporidia, can penetrate the young tissues of the shoot and give a 
myoelium in the growing point. Entry seems to be chiefly through the mesocotyl. 
No outward effect is produced until the ear begins to form. Then the hyphw accumulate 
in the immature ovary below the epidermis, forming a solid mass of considerable depth. 
The outer part of this remains unaltered to form the membrane of the spore-sac, which 
may either protrude well above the grain or remain buried in the ovary. The spores 
are formed in the rest of the fungal mass, progressively from without inward. The 
membrane is tough and may persist until after harvest. 

The losses caused are sometimes very heavy. Prom 20 to 25 per 
cent, of smatted ears have sometimes been seen in India, and the value 
oi the gttrib destroyed is estimated in Bombay to exceed a million sterling 
annually and for India as a whole must be several millions. 1 
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The treatment is based on the same considerations as in oat smut. 
“Since infection can only occur at the time of germination of the Beed, and 
comes for the most part from spores adhering to the surface of the grain 
at the time of sowing, seed disinfection is successful, when properly 
carried out, in preventing all but a very small proportion of oases. Any 
of the ordinary methods of seed disinfection described under the other 
cereal smuts can be UBed. Very good results have been obtained with 
formalin, and as the grain is particularly resistant to the action of anti- 
septics, it is safe to immerse it in £ per cent, solution for two hours, 
drying rapidly afterwards. Copper sulphate is also very satisfactory 
and is widely used in India, this being probably the only smut against 
which any measures are regularly taken by Indian cultivators. From 
£ to 3 per cent, may be used without appreciably affecting germination. A 
2 percent, solution is employed in the Central Provinces, being sprinkled 
on the grain, which is well turned over and then spread out to dry. In 
Bombay and Madras, the grain is immersed in a solution of the same 
strength for 10 to 15 minutes. The hot water treatment has been advocated 
m other countries, though more troublesome than the above methods 
and without any superiority over them, so far as is known. The grain 
is first heated in warm water for a few minutes and then immersed in 
water at about 135°F. for 10 to 15 minutes. Below 130° does not kill 
the spores and above 140° is dangerous to the grain. In all these 
methods it is advisable to remove unbroken spore-sacs, which, being 
lighter than the sound grain, will float in water and can be skimmed off. 
These unbroken spore-masses are said to resist a considerably higher 
temperature than 135°F. for 15 minutes and are also not easily killed by 
fungicides. On the whole, the formalin treatment is to be preferred 
theoretically in this as in the allied smuts, but the copper sulphate 
method has beoome so well known that the material is available in many 
villages and this is a practical advantage. In Bombay, for instance, there 
is a large demand for one-anna packets, which contain enough copper 
sulphate to treat 4 acres. It is estimated that some 200,000 acres were 
sown with treated seed in 1915. There is field evidenoe that the spores 
do not persist in the soil from a previous crop (probably because they 
germinate during wet weather) and effective seed disinfection by oopper 
sulphate or formalin oan practically eliminate the disease. 

The fungus attacks all the wiki and cultivated varieties of Andro- 
pogon Sorghum (including A. halepensis) except the kind known as jftilo, 
which is said in the United States to be praetioally immune to this and 
the following smuts. 
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Loose smut ( Sphacelotheca cruenta (Kuehn) Potter). — This species is 
frequently confused with the last, the differences being such as readily 
escape detection. It is common in parts of Bombay and occurs also in 
the Central Provinces and doubtless elsewhere, being confined to this 
host, if we except the allied wild species Andropogon halepensis. In 
Bombay, it occurs ohiefly on the winter (rabi) crop, especially in the „ 
Sholapur district, but is also found to some extent on the rains (kharif) 
crop. It is known also in Europe, the United States, and Africa. 

Affected plants may sometimes be detected before the ears appear, 
being somewhat stunted in growth, with thinner culms than normal, and 
with a tendency to tiller. The smutted ears may come out earlier than 



Flo. 76. Loom amut of jowar (Sphacelotheca omenta ) : 2, smutted eat , 
X | ; t , aorua involving stamens, magnified ; 3, columella left after 
the spores have fallen ; 4, spores and their germination, x 460. 


in the rest of the crop, occasionally very muoh so. The ears themselves 
are somewhat looser than in unaffeoted plants ; all the spikelets are 
usually smutted, though occasionally some escape or are transformed: 
into leafy structures ; and'the glumes are much hypertrophied and may* 
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reach a length of over an inch. Hence this smut is more easily Been than 
the last, the loose, powdery, blaok sori which replace the grab bebg 
often very prominent. 

The sori develop in the essential organs of the flower, the stamens 
and pistil being transformed into a conical body, or the latter forms an 
oblong, swollen mass crowned at the top by the stigma and surrounded 
by the stamens ; these may remain free or be each transformed into a 
sorus united with the pistillar sorus at the base (Fig. 76, 2 ). The sori 
measure from 3 to 18 by 2 to 4 mm., and arc surrounded by a thin, grey 
membrane ; this is much more transient than in the grain smut and 
usually ruptures, exposing the spores, before the head emerges from its 
sheath. In the centre of each sorus, a solid, narrowly conical body, 
pointed at the tip and extending nearly the whole length of the sorus, is 
formed (Fig. 76, 3 ). This is a columella similar to that described in the 
grain smut, but longer and more curved. When the stamens are bvolved, 
each may have its own columella, united at the base with that of the 
pistil. Sori are also found commonly on the raohis and its branohes and 
sometimes on the glumes. 

The Mporeu are formed a* in the grain nniut, in irregular or elongated clumps, becoming 
separate as they mature They are round or shortly elliptical, darker brown than in 
S phncelothecn Snnjhi, with an episp >ro marked by indistinct pittmgs, and 5 to 10/* m 
diameter. The moinbrano is composed of roundish fungal colls, which separate easily into 
groups and may lie found mingled with the spores, as small clumps of hyaline cells about 
twice the diameter of the spores 

(lonuination occurs as leadily as in gi am smut, with the production of a thiok, 
usually 4-colled promyeolium, wliioh buds oft sporidia sparsely in water, but copiously 
in nutrient solutions. The sporidia have been maintained in artificial oultures for sevoral 
months and in some cases (m Africa) tho cultures have been carried on to the formation 
of spore-like bodie-.. Instead of sporidia, branched hyphaa may develop from the pro- 
rn voelium or the older sporidia. Fusions lietween the sporidia have been observed. 

The life-history of this fungus is similar to that of the grain smut. 
Infection takes place in the seedling stage from spores that have reached 
the grain coats during harvest and are therefore sown' with the seed. 
Soil infection seems to be rare, presumably beoause of the readiness with 
which the spores germinate as soon as the moisture conditions are favour- 
able. The sporidial stage in this group of fungi is known to be usually 
lesB resistant to drought and other unfavourable oonditions than the 
spores themselves, and once germination has ooourred the fungus finds 
it difficult to maintain its vitality until the next orop is sown. Though 
exact evidence is wanting, experience suggests that something of the 
sort must ooour in this smut as, unlike Ustilago Reiliana , onoe the spores 
-adhering to the grain are killed, infection is rarely found. 
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Hence the seed treatment recommended against grain smut i» 
effective against this smut also. This has been the experience in India 
and is also true for the United States. 

Head smut ( UstUago Reiliana Kuehn).— As already stated, head 
smut is found on jowar as well as maize. It is, indeed, muoh commoner 
on the former host in some parts of India, notably Bombay where it 
occurs sporadically everywhere, while head smut of maize is only found 
in the northern parts of the Presidency and is rare even there. Else- 
where this smut has been found in the Punjab, United Provinces, Central 

Provinces, and Madras, 



but is not known as yet 
in eastern India. It 
has been reoorded in 
the United States v 
southern Europe, Af- 
rica, and eastern Asia 

As in maize, the 
whole plant is usually 
infected ancU a large 
sorus is normally found 
in place of each ear. 
Sometimes the termi- 
nal panicle may esoape 
when those lower down 
are smutted, but m 
these cases the unsmut- 
ted ear remains sterile. 
Occasionally, partial 
infection of an ear may 
occur, the smut-free 
part being also sterile 
in this oase. 

The attacked plants 
are not notioeably dif- 
ferent in size and ap- 
pearance from the 


healthy, until the large 


sori develop. The latter may be up to 4 inches long by 2 inches broad, 
being amongst the largest known, and resemble* those caused by the 
parasite on maize cobs. It is not easy to find unbroken sori, as the- 
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membrane is transient and usually ruptures before the bud has 
emerged from its sheathing leaves, exposing the black spore-masses. 
Smaller sori may occur on the leaf blades, especially those surrounding 
smutted ears towards the top of the plant. The membrane is 
composed of fungal cells' and inside it is a dense mass of spores, 
traversed by many solid filaments inextricably tangled into a net- 
work, between the meshes of which the spores are held. At harvest 
time only this network may remain, the bulk of the spores having been 
dispersed by the wind. 

The spore oh&r&otora and germination have already been described under maize. 
The spores average about 13ju in diameter and have not proved easy to germinate in 
Bombay, though the same fungus from maize in Kashmir germihated readily. Artificial 
cultures of the sporidia have been obtained in the United States and continued growth by 
budding out fresh oonidia for a considerable period, some of the oultures even progressing 
as far as the formation of spore-like bodies. The life-history, so far as it is known, has 
already been referred to. Oases of double infection by this species and by Sphacelotheca 
Sorghi and 8. cruenta respectively have been recorded. 

Treatment by seed disinfection, which in so widely practised in the Central Provinces, 
Bombay, and Madras, fails to prevent this smut. This is because the spores shed on the 
soil in large numbers remain alive and capable of germination until the next otop is sown. 
In the two smuts of this orop already described, the spores germinate very readily, and 
those that reach tho soil probably germinate for the most part as soon as the first rain 
tails after harvest. The sporidia thus produoed are unable to survive until the next orop 
is put in. Henoe unless fresh spores are carried in on tho grain ooats during sowing, the 
crop esoapes attaok and the disease may be almost entirely eliminated by disinfecting 
the seed before sowing. In Uatilago Reiliana , however, it has been observed that there 
is a difficulty in getting the living spores from jowar to germinate freely. A few may 
germinate eaoh time rain falls but there will be many still alive when the next orop ia sown. 
Those that happen to germinate in contact with the young seedling and are thus in 
a position to cause infection will naturally not be numerous and this probably explains 
the auriously sporadic nature of the attack. 

In the few fields where treatment is required, all attacked plants 
should be early removed before they shed their spores, and jowar 
should not be sown again for a few years. An immune variety, Milo, 
is known in the United States, and resistant kinds may be found in 
India should the disease increase so as to become dangerous. The 
young sorus is sometimes eaten by ohildren in Bombay. 

As with the last two smuts, this species also attacks Andropogon 
halepensis. 

Long smut (Tolyposporium fUferum Busse). — This is one of the 
less common smuts of jowar in India, having so far been found in the 
Madras Presidency and Sind only. It was first described from East 
Africa but is not known elsewhere. 

Like the grain smut, only individual grains are transformed into 
smut sori, but these are few in number in eaoh ear, not, as in grain smut. 
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covering the whole or a greater part of the ear (Fig. 78). Eaoh is sur- 
rounded by perfectly normal grain and, being very prominent and often 
widely scattered, are muoh more readily seen than in Sphacelotheca Sarghi, 
The sorus develops in the ovary as in the latter smut, but is muoh larger 
(Fig. 79, 7). The spore-sao is a light brownish -yellow body, from | to 1 
inch in length by J to £ inoh broad. It is often curved and early ruptures 
at the tip, exposing the spores and also a bundle of 8 or 10 dark brown 
filaments, the isolated fibro-vasoular bundles of the hypertrophied ovary. 
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FlO. 78. Long smut of jowar ( Tolpp6*j>oriutn flli/etum). 


The spores are held in a rathor solid mass amongst tho filaments and between these 
and tho wall. They are united into groups, composed of a large number of spores which 
do not easily separate from one another even when placed in wator. This formation of 
persistent sport -balls is a characteristic of the genus Tolyposponum. Tho individual 
spores are round, ovate, or flattened, brownish-green in colour, and 12 to 16 by 11 to lOp 
in diameter. Tho epispore is donsely covered with flattened warts on tho fioc side. 

Thu Hjiores germinate readily m nutrient solutions, all the spores of a cluster being 
fertile. They have been germinated when nearly two years old. The promycelium is 
usually 3-cttlled and bean sporidia at the tip and laterally frrm near tho septa, often in 
great numbers. These tfporidia may bud off otben or grow out into long germ-tubes, 
which may again bear sporidia. At the surface of the liquid, branching chains of aerial 
sporidia are formed. Often, instead of a true promycelium, the spore germinates by 
giving out a thick hypha, the protoplasm of which ool loots in the upper growing part, 
the emptied part below being cut off by successively-formed septa; sporidia may be 
produced near the tip or on lateral branches of this hypha. 
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The life-history of the fungus is quite unknown. The development 
of the son in individual, often widely soattered grains of the ear, tells 
against a generalised infection, such as ooours in grain smut. Possibly 
each sorus arises from a localised mfeotion of a single dower ; the 
formation of aerial sporidia, similar to those found m Ustilago Zees, 
supports this view. 




Flo 79 Long smut of jo war (Tolyposporium fUiftrum) : /, ruptuted 
sou; 2, a spore ball ; i, part of same in section, x 460 ; 4, 
gei initiation, x 460. 


No recommendations for treatment oan be given, except to destroy 
the infected ears and obtain seed from healthy fields. The disease is not 
serious at present and special treatment is probably unnecessary. 

Red leaf spot ( Colletotrichum graminicolum (Ces.) Wils. = C. 
Lineola Corda). — This fungus is probably the commonest parasite of 
jowar in India, commoner even than the rust, and is apparently found 
wherever the orop is cultivated, having reoeived various names in different 
countries. Occasionally it has been reported to have damaged the orop 
in India, but usually the effeots are slight, as each spot is small and striotly 
localised, the rest of the leaf being uninjured and able to perform its 
functions in a normal manner. 
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The disease appears as small red spots, visible on both surfaaes of 
the leaf and measuring up to 4 mm. in the longest diameter, parallel to 

the axis of the leaf. The mature 
spot is lighter -in the oentre, where 
one or more sharp blaok dots oan be 
seen on either surfaoe. These are 
the f root ifioat ions of the fungus. 

Tho myoelium is striotly localised to the 
red spots, sending hyaline, septate hyphe 
into the leaf oells of the whole thiokness of 
the leaf, and killing them. Small masses of 
stromatic tissue are formed in the epidermis 
and in the air spaees below the stomata on 
both surfaoes. From the outer layers of 
these stromata, numerous short, hyaline 
spore-stalks arise, and by their growth the 
epidermis is ruptured and the outer part of 
tho stroma becomes visible. Haoh stalk 
(basidium) then produces a single oonidium 
at its tip. The conidia are hyaline, falcato, with a single or scmetimes two oil drops m tho 
oentre, aad moasure 20 to 30 by 4*6 to 5 (i in diameter. Other oells of the Htroma grow out 
into long, rigid, black bristles (sete), characteristic of the genus. These are up to 17 Bfi 
long by 4 to (ip broad, sooty-black, unbranched, and with several septil* They taper 
towards the tip, whioh is lighter in colour and rounded or occasionally mucrnnate. 

The fungus, though common in many parts of the world, does not 
seem to have been cultivated and its life-history is unknown. Treatment 
is impracticable, but fortunately the disease rarely does harm. 

The same species is found also on several other grasses, but it is 
not known if it oan pass from one host to another. 

Leaf Blight (Hebninthosporium turcicum Pass.). — This fungus, 
or a very similar form, also attacks jowar in India, Egypt, China and 
elsewhere. It is not very common or injurious on this host. It has 
been described above under maize (p. -01). 



. 80. Rad leaf spot of Jowar (Colltlotri 
ohum graminioolum ) : part of leaf 
with apote. X } ; part of a soruH with 
set® and conidia, and germination 
of the latter, x 170. 


BAJRA ( Pennisetum typhoidenm Rich.). 

Green ear disease or downy mildew (Sderospora graminicola 
(Saco.) Sohroet.). — This curious disease occurs sporadically in many parts 
of India, usually resulting in the complete loss of the grain in affected 
plants. It is also known in East Africa on the same host, while it is found 
on jowar, Andropogon hal+pgnsis, Setaria itaUca , and Bucklcgna mexicma 
in India, and on various species of Setaria in Europe, the United States, 
and Japan. It is not usually of sufficient intensity to attraot much notice. 
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but at times, particularly in low-lying, ill-drained land, it develops so 4s 
to cause considerable damage. 

As the name indicates, the chief symptom of the disease is the trans- 
formation of the solid spikate ear wholly 01 in part into a loose, green head, 
oomposed of a mass of small, twisted leaves In some cases only a small 
part of the ear is affected the rest ripening itH gram normally , usually, 
however, complete or neaily complete sterility results. 

This in due generally to tho ronuiwon of the upper Hegment of the floral axis, which 
m perfect floweis <lt velopn info tliogiain into a small, leafy Nhoot (Fig 33,7) Theothei 

< iganN of tho flower are also a] tend the bustle* of the spikclets become hypertio 
phiod, sometimes loachntg an inch in length and being variouNlv contorted , the fertile 
glume* enlarged and sunn turn * turmd gut n , and tho et aniens much alt< ml 1 1 suppressed 
^ometimeN two spikclots uis< from tin om pttlicd instead of tho uhu« 1 die, and the 
number of floieta on a npiki It t ma> It increased fr< m two to three 01 feur The main 

< I tangos aie those involving the txsintial pnitw of the flown the ntamens and pistil 
Tho forniei ire often ((inverted into minute Itaf Jiho bodies, with a diHtmct division into 
baf sheath and le if bladt (hig 33 J) 1 1 mum t mica are iopre*entcd nine ] v by blown 
pointed structures with no trace of the anther Hie rolativo sizes of filament and anthn 
may bt profound^ ultertd and pctlbn mav le entmlv absent 1 be jnstil in novel dtvt 
1< pod, being upl*trt(l in most t ast s lv\ tin simll, ltaf> slue t ic hired to ulovo, but some 
tunes b\ v minute Inane lit d sheet with undeveloped buds, oi a simple horn like gw wth 
ninth ippoara to bt a leal unittd along its tdgf s \aturalh, as a riBlilt then tbangON, 
the apjxniunct ot thocai isgrtath mcchfitd und di eased plants < an I* vt i yoasilv puked 

ut 

Resides tht eais tlu lanes of plants affected with tins disease show 
minor changes In > oung plants, m the earlv stage of the disease, many 
lea\t>. can he seen with the usual fresh green colour changed wholly or 
m part to whitish, and latei to brown The whitening of young leaves is 
visible usually as long streaks, often occupying half of the bieadth of the 
leaf and extending throughout almost its whole length In older plants, 
the lea\es affected aie chiefly those enclosing the ear, which aie more 
completely whitened than m \ounger plants and moie lapidly turn brown 
afterwards These leaves aie often deformed, being twisted and crinkled, 
and tend to split into shreds at the tip In bajra, this shredding ih not 
usually so pronounced as m jowar oi Setana ttahoi The shoot buds 
which sometimes anse lateially on the stalk are deformed m the same 
manner as in jowar (Fig 82) 

Tbefie symptoms are cauhpcI by a paiaHitu fungus which in found chiefl> m tho leaves 

< f the host plant The earliest stage of its development which has been defected is m 
the leaves of young plants under a foot m height Following on the appearance of the 
whitish streaks, which are the first outward sign of the presence of the parasite, a cloud of 
thiok sporangiophores bursts from the stomata, covenng the surfaoe of the streaks 
(chiefly the under surface) with a greyish -white, downy growth The sporang ophores 
anse from an internal mycelium, which is collected tluofly between the cells of the meso 
phyll bordering on the flbro vascular bundles and also m the tissues betwoen the bundles. 
The hyphs grow mainly between the oells but send houstona into them (Fig 16)* Some 
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hyphn also crows the colls in the manner described abovo under maize smut, being iso- 
lated from the cell contents by a cellulose sheath formed around them by the protoplasm 
as a protective measure (Fig. 37. 5). The bundles are never penetrated by the parasite 
(Fig. 37, 6) and the epidermal layer is usually also fi’be, though rarely hypha* ccour in the 
internal wall and send haunt oria into the cell cavity. The effect of the parasite on the 
host plant is slight in the early stages. There is sometimes a little thiokening of the leaf 
due to multiplication of the leaf cells. The bundles are increased in size by a multipli- 
cation of both xylem and phloem elements. The whitening of the leaves is due to gradual 
disappearance of chlorophyll from the assimilating cells, and starch is also noticeably 
absent from cells containing the haustoria of the fungus. Sporangium -formation is accom- 
panied by great assimilator^ activity on the part of the fungus, loadingfto the collapse 
and death of the mosophyll cells. As a result of this oollapso, the bundles”* are often 
flattened or otherwise distorted in the older leaves. 



Fio. 82. Downy mildew of bajra (Soltroapora gmminicola ) : distorted 
leaf bud ; sporangiophore and sporangia, X 400 ; latter germinating, 
x 500 j an oogonium with oospore, x 550. 


yvhen the sporangial stage U about to appear, a small elump of hyphee develops in 
the air space below each stoma, and from this, one or more sporangiophores emerge 
through the opening to the surface of the leaf. The sporangiophores are broad, shortish 
stalks, measuring about 100fi in length, by 12 to 15ft broad, unbranched in the lower 
bait, but usually with a few short, fchiok branohos, diohotomously or triohotomously 
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formed, at the top, and crowned by numerous papillae of characteristic shape, oa 
which the sporangia are borne The latter are hyaline, broadly elliptioal, slightly 
pointed at the free end, with a thm.‘ smooth wall, and measure 10 to 31 by 12 to 21 p, 
in diameter. They fall early without any stalk, and germinate rapidly in water, liberating 
from 3 to 12 or more zoospores, of an irregular kidney-shape, furnished with two cilia 
from the oonoave side After swimming for a time, the zoospores come to rest, round off, 
(measuring 9 to 12/a when quiescent), and germinate rapidly by a hypha. The sporangial 
stage has only been found on young plants not yet in ear, and appears to be often altogether 
absent. After the fall of the sporangia, the sporangiophores soon oollapse, the whole 
superficial growth of the parasite being evanescent and easily overlooked. 

At a later stage in the life-histOTy of the parasite, oospores are produced in immense 
numbers. They oan generally be found m any plant bearing the green oars character- 
istic of the disease, but do not appear to develop i« young plants. They are formed in 
organs which have turned brown as a result of the attack, being developed chiefly in the 
mesophyll of the leaf blades, both of the foliage leaves and of those formed in the inflor- 
escence. Very rarely they occur in the sheaths of the foliage leaves and in the glumes, 
while in contrast to the foliage leaves, the sheaths of inflorescence leaves often contain 
them They are large, reddish-brown bodies, just visible to the naked eye, especially 
when viewed by transmitted light. As oogonium -formation takes place chiefly in the 
parenchyma bounding the bundles, rows of the brown dots may often be Been on each 
side of the leaf veins This position of greatest development of the funguR is the cause 
of the tendency to shredding of the leaves, mentioned above, the tissues between the veins 
being in great part destroyed. The ripe oogonium, after fertilisation, thlokens its wall, 
which is closely applied but not united to the wall of the oospore The whole fruit is 
characterised by the possession of a very thick wall in two layers, the outer 9 $ which is the 
oogonial wall, and only the inner lielongs to the oospore In spite of numerous attempts, 
these spores have not been germinated in India nor. so far as is known, elsewhere. 

The oospore is usually quite spherical, with a smooth, yellow wall of even thickness 
all round. It measures 22 l) to 35/a m diametei, averaging 32/a The oogonial wall is 
tawny in colour, irregularly thickened, and the whole fruit, as a result of these thicken- 
ings. is not round but angular, elliptical, or irregular in shape It measures 34 to 52/a 
in diametor, averaging 42/a 

The life-history of the parasite is not known. The sporangia! stage 
is evanescent or often absent and the sporangia themselves are short- 
lived bodies, so that this stage cannot be of importance in propagating 
the disease from year to year. Indeed the sporangia appear to be func- 
tionless, as there is no indication of spread from plant to plant and 
attempts to inooulate healthy leaves with the zoospores have failed. It 
is probable that the disease is carried over by trtie oospores, which are 
admirably suited for the purpose owing to the very resistant wall. It 
appears regularly in certain places every year and may be caused by 
germination of the oospores after a resting period in the soil, though all 
attempts to germinate them artificially have failed. Another alternative 
is that the sound grains produced not infrequently on diseased plants 
become infeoted by growth of the internal mycelium into them from 
below, and subsequently give rise to diseased plants. To test this a 
considerable number of such grains) carefully collected from partially 
diseased ears, were sown, but all gave healthy plants. Microscopic* 
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examination has also failed to reveal the myoeburo in snoh grains, and the 
disease has not been ohecked by soaking the grain for 5 minutes in 
hot water at 65°C., a temperature whioh few internal parasites could 
withstand. 

The question whether the fungus can pass from one to another of 
itB hosts is also undecided. Experiments carried out in Italy seem to 
i show that Sclerospora graminicola oannot pass from Setaria itaUca to 
Setaria verticUlata or Setaria viridis, two other known hosts for the 
fungus, while in India the bajra fungus will not attack jowar leaves and 
vice versa. It is also noticeable that the fungus in some localities in India 
is confined to one host, even though some of the others may be growing 
near by. Thus in Fusa it has only been found on Setaria italica , though 
jowar and bajra have been grown in the vicinity. This suggests that the 
parasite lias split into specialised raoes, each confined to one or more 
hosts, as in the cereal rusts. 

The only recommendation for treatment that can be given in the 
present state of our knowledge is to pick out and destroy infected plants, 
so as to prevent the oospores being disseminated. j* » 

It may be noted that of the other hosts mentioned as susceptible to 
the attacks of this fungus, both sporangial and bosporal stages have 
been found on all but Euchleena mexicana, on which the former alone 
has been found. In this oaBe there is therefore some doubt as to the 
identity of the parasite, sinoe members of this group are not easily 
distinguished by the Bporangial stage alone, and the nearly-related maize 
parasite, Sclerospora Maydis (p. 191), may be the species here concerned. 
An allied fungus, Sclerospora macrospora, , attacks wheat, oats, maize, 
and a number of wild grasses in South Europe and has also been repor- 
ted on rice in Japan. In this species only the sexual stage is known, 
sporangia having never been observed. 

Rust ( Pucciwia Penniseti Zimm.). — This fungus is found in Madras, 
Bombay, the Central Provinces, the United Provinces, and Bihar. 
Outside India it has only been reported from East Africa. 

It forms small, brownish-yellow pustules in groups, arranged often 
in longitudinal series, on the leaves and stem. Later on, as the second 
spore form appears, the pustules become blackish. The leaf may turn 
brown around the sori, especially when young, but old leaves are not 
extensively discoloured. 

The undo sori- are found on both surfaces and are very variable in sice and shape. 
In severe attacks they become confluent and much of the epidermis is lifted up in flakes 
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around thorn. Tho urodosportw aie oval or pear shaped, yellow, 33 to 88 h> 23 to 3 ('/* 
in diameter, the wall with ncatteiwl spines and foul equatorial geriu pores, and the stalk 

colourless and shorter than 
the spore. The teleuto son 
lesomhle those of the un»do 
e\copt that they are brown 
in colour. The toloutospores 
are bright brown, cylindrical 
to long oval, rounded oi 
flattened at the tip, winch 
has a much thickened wall, 
slightly narrowed at tho 
septum, and smooth They 
measure 40 to 60 by 16 to 
20/J>ind have a short . colour- 
leshhtalk Theupicalgerm- 
jHin* is indistinct, but they 
germinate at the apex in the 
usual way, with the pro- 
duction of a 4-celled pro- 
mycelium which boars ellip- 
tic al spoudia, 11 by 6/w. 
m diametei Paraphyses 
are not found in either 
spoio form 

The teudial host, if one 

, v „ , - cvist, is unknown and the 

Fio. S3. Bajra rust ( Puectma Ptnmseii)'. pait of leaves , . ... 

' with uredo (on left) and teleuto (on light, above) sori, fungus has doubtless dis 

Xj; spore details, X 39U. penned with this stage in 

its normal life, as in so 

nianv allied species 

No remedial measures are practicable, but. fortunately the damage 
appears to be slight as a rule. 

Smut ( Tolyj) 08 j)orium PenicillaricB Bref.). — The smut of bajra has 
hitherto been found only in parts of Bombay and Madras, and at Pusa 
in a crop grown from Bombay seed. Outside India, it has not been 
definitely identified but appears to occur in Egypt and possibly in other 
parts of Afrioa. 

As in the allied Tolyposjjorium filiferum on jowar, the attack is 
visible only in scattered grains in the ear, the majority of the grains 
developing normally. Sometimes the affected grains are single, some- 
times grouped in patches of varying size, frequently confined to one side 
or towards the base of the ear. 

The son occur in the ovary as oval or pear-shaped bodies. These 
project dearly beyond the glumes and may be from halt to twice the 
diameter of the normal grains, being often 3 or 4 mm. long by 2 or 3 mm. 
broad at the top, which is bluntly round to conical in shape. Their 
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colour varies in a remarkable manner being sometimes* bright green, 
occasionally ohooolate-brown, and often, especially when old, dirty black. 
The colour is due to the membrane, the included spore-mass being always 
deep brown to black. The membrane is tough and the spore-mass 
compact, granular, and not easily dispersed by the wind. 


In microsoopic structure, the spore-mass is 
found to be composed of a great number of 
roundish balls of spores, eaoh ball measuring 
from 40 to 150 /a in diameter and consisting 
of a large number of spores, tightly pressed 
together so as to break up with difficulty 
oven when placod in water. The individual 
spores are round or angular, 8 to 12 5 /a in 
diamotor. and with a light brown, irregular 
or slightly roughened wall. Tho membrane 
of the sums is composed of tho tissues of 
the host, linod inside with fungouH elements. 

There is no columella. 

(termination is scanty and difficult to 
obtain by the usual methods. The pro- 
mycolin are formed from tho spores while still 
attached in masses, and radiate out around 
tho spore-balls. The promyrolium is normally 
4-oollod and forms sporidia terminally and 
laterally It is peculiar in having a tendency 
to break up into its individual cells, which 
fall off and continue to bud out sporidia 
until nutrition begins to fail, when they 
may grow into hyphen When such liyphic 
emorgo lrom the liquid in which they aro 
formed, they again give off branching chains 
of sporidia. Those reriul ennidia may be 
formod in such numtxirs as to cause a de- 
finite layer on tin* surface of the liquid. 

The life-history is not further 
known. Artificial infections have 
not been tried, but at £usa the 
disease increased in intensity in the 
plots in which bajra was grown, for 
some years after its first appearance. 

All attempts to check the smut by 
seed treatment failed and the same 
has been the experience in Bombay. 

Formalin, copper sulphate, and hot 
water have all been tried without success Even immersion for 10 minutes 

in water at 60°C. or for 5 minutes at 65°C. failed, though the last 
treatment reduced the germination of the seed by 50 per cent. 

B| DIO 



FlO. 84, 


Bajra smut ( tolypoaporium 
Pinioillarior ) : affected ears, x }; 
above, a aingle some, X 34 ; below, 
a apore-ball ; in oentre, germination 
of tbe sporea, x 300. 
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< From European experiments, which showed that fresh spores 
received from India would not germinate and that suooess was first 
•obtained by keeping them dry for a year and then for a second year 
buried in moist earth, it would seem that the speoies is particularly well 
equipped for preserving its vitality, when the spores reaoh the soil, until 
the next crop is sown. This, coupled with the failure to check the 
disease by seed disinfection, suggests that the attack usually comes from 
thfe soil, as in flag smut of wheat and head smut of maize and jowar. 
Henoe the same measures. should be adopted as against these smuts, 
diseased ears being removed and the crop rotated so as to leave an 
interval of, say, three years between two successive orops on the same 
field, The percentage of loss is not ordinarily high and it is doubtful 
whether it will always pay to remove smutted plants, as they bear a fair 
amount of grain except in severe attacks. 

The fungus is not known on any other plant. 

RICE (On/ za saliva L.). 

Bunt ( TiUetia horrida Tak.). — This disease occurs throtffehout the 
main rice-growing areas in Burma, and has also been found on the east 
coast of peninsular India and at Pusa. As it is not easily detected in 
the field, the actual distribution in India may be much more extensive. 
It was first described in Japan and has since been found to be widelv 
distributed in south and east Asia, including Java, Indo-China, Siam, 
and China. It has also reaohed the United States, probably with 
imported Japanese seed, and became established in South Carolina for 
a few years, and also in Louisiana. 

The spore sori arc produced only in a few individual grains in the 
ear, often not more than two or three on an ear in India, though in the 
United States as many as 25 per cent, have been noticed. Frequently 
it is difficult to detect the diseased grains without breaking them, the 
sorus being almost hidden by the enclosing unaffected glumes. In other 
cases, the-gAnes are forced a little apart and a black mass of spores is 
extruded. The spores are sticky and adhere to the surfaoe of the glumes 
and even to the outside of healthy grains in contact with the affected 
ones. 

Within tho grain, the fungus at first lie* outride the aletmme layer, or under the thin 
membrane which forma the ridn of the gram and oo aetata of the wall of the ovary and the 
outer layers of the true seed. Gradually an extensive cavity is formed between the seed 
covering and the endosperm; and the spore-mass may entirely replace the starch cells of 
the seed or may form only a layer of greater or lees extent in the endosperm (Fig.*88,'3). 
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-At first it is enclosed in a tliin membrane, consisting of the outer skin of the grain, but 
later on this usually ruptures and the spores lie in a rather oompact or adherent mass 
within the glumes, or protruding slightly from thoir edges. 


The myoolium can be found 
in the stem of affected plants, 
running between the oolls of 
the vertical sub-epidormal row 
of parenohynia, under the sto- 
piata. Spores are formed in 
"the ears, beginning as thin- 
walled terminal swelling** on 
short branches. They are 
round or rarely elliptical, 
opaque black when mature, 
light ox dark brown when 
young. They measure usually 
from 20 to 24/a in diameter. 
The structure of the walls is 
peculiar, giving the impression 
when seon with low powers 
of the microscope, of a dark 
band furnished with projecting 
curved spines. More carefully 
examined, however, the 
41 spines ” are found' to , , be 
tliiokenod blunt pegs, formed m 
the substance of a thin, hyaline 



Flo. 85. Rice bunt (Tilletin horrid a ) : /, pait o 
buntM ear ; 2, a bunted grain ; .1, same in cross 
and longitudinal section ; 4 . spores, x 216 ; 5, 
section and surface view of spore, showing 
structure of wall, x 900. 


membrane, which persists until after maturity. Seen m surface view, the blunt ends of 
the thickenings appear dark, the spaces between being light, so that a reticular effect of 
light bands is given ,(Fig. 86, 5). The hyaline membrane is somewhat gelatinous when 
moist and the adhesive projjertios of tho spores are due to it. Mixed with the spores are 
numerous large, yellowish or sub-hyaline cells, which represent, in part, immature spores. 
Fragments of septate hyphae may also be found between the spores. 


Tho s]iores have only lieen germinated in Japan and evidently require special con- 
ditions for their germination. After 3 days in water they put out a promycelium, septate 
at the tip, and bearing at its end a cluster of 10 to 20 noodle-shaped sporid i a , 38 to 63 ft 
in length and divided into 3 or 4 oells after falling from the promyedium. 

The amount of damage caused by the disease is usually slight, and 
It is only in South Carolina, where it was vigorously dealt with and died 
out in some four years after disoovery, that it appears to have assumed 
threatening proportions. In Louisiana, it has only beerf recorded on 
Honduras and red rice, though the millers state it occurs occasionally on 
Japan rice. In India, it is sporadic in its appearance and no preference 
for particular varieties has as yet been noticed. Attention was first 
■called to it by a statement that its spores were of almost universal occur* 
hence in rice bran imported to Germany from Burma and Siam. - As the 
ottffer skin of the grain is removed in milling and forms a considerable 
pfopoftion of the bran, exported chiefly for cattle food; it pan readily be 
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understood that a small proportion of bunted grain with spore-masses- 
formed just below this skin, will contaminate a large sample. 

The parasite is allied to those that cause bunt of wheat, and though 
its life-history has not been worked out, there is reason to believe from 
the results of the treatment adopted in South Carolina that it enters the 
young seedling in just the same way, while still below ground. From 
the characters of the attack, it appears that the whole stool becomes 
infected. 

For prevention, experiments in America showed that it is sufficient 
to float out the light grains (which include the infected ones) in cold water 
and then to soak the seed for 24 hours in a solution of 1| lb. liver of 
sulphur in 25 gallons water, or for 2 hours in a 2 per cent, solution. 
No doubt the ordinary methods used against wheat bunt would be equally 
successful. No case has as yet been seen in India where treatment would 
pay, but the members of this group of parasites have a way of multiplying 
rapidly under favourable circumstances and it is consoling to know that 
an effective remedy is available in case of need. 

The fungus is not known on any other host. 

False smut (Ustikigmoulea virens (Cke.) Tak.). — A disease which 
resembles in its effects those caused by the smut fungi, but which is really 
due to an Ascomyoete, occurs in all the great rice-growing areas that 
bound the Bay of Bengal and is also found in the western maritime dis- 
tricts such as Malabar and, sporadically, in inland tracts like Bihar. 
The parasite was first, described from Tinncvelly in 1878, as a true smut, 
under the name Ustilago virens , and nine years later was found in Japan 
and named Tilletia Or y zee. Subsequently it was cultivated artificially in 
Germany and found to agree with the lower stages of an Ascomycete on 
Set aria, for which the genus Ustilaginoidea was founded. The asoigerous 
stage of the rice parasite has not yet been discovered, but there is no 
reason to doubt that it will be found to agree with that on Setaria. Out- 
side India, it is widely distributed in southern and eastern Asia and is 
known in Louisiana in the United States. 

The parasite is visible only in the ears, where it develops its fructi- 
fication in the ovary of individual grains. These are transformed into 
large, velvety, green masses, which may be more than twice the diameter 
of the normal grain. The green colour is superficial, the inner parts of 
the swollen mass being orange-yellow near the surfaoe and almost white 
in the centre. The glumes are unaltered and are found closely applied- 




Fig 80. FALSE SMUT OF RICL. 
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to the oentre of the green mass, which bursts out above and laterally 
from between them ; occasionally one of them may be entirely encircled 
by the fungus. Only a few grains in each ear are usually affected, and 
these may oooupy any part of the ear. 

The young ovary is invaded by the parasite at an early stage in its development, 
and -is transformed into a hard mass of oloscly-united, lino, colourless hyphre. This 
sclerotium-like body grows and bursts 
out laterally betwoon the closely- 
applied glumes. Hore its outer layers 
develop spores of a brownish -green 
-colour when npe but orange in the 
mass when immature. As the ripe 
spores are progressively formed from 
•the stugfiS^in wards, the velvety, green 
appea^Slb of tho outor part, chan- 
ging to orange and then colourless 
further in, is readily understood. In 
very old fruits, the oolour of the whole 
Bclerotium, excopt the innermost part, 
is deep greenish-brown or almost 
black, the centre being yellowish, and 
spores being found to a considerable 
-depth. 

The centre of the sclorotium is 
composed of pseudoparenohyma 
entirely replacing the tissues of the 
grain. Nearer the surface the hyph» 
are arranged radially, sparingly 
branched and suptato, whilo tho exterior consists of a mass of loosely adhering spores. 
The spores are formed laterally or, rarely, terminally on the radial hyphtB. The youngest 
spores are almost oolourloss and are found on the hyphsB bounding the white centre of 
tho Bclerotium. Those further out, as well aB the hyphsa on which they aro borne, have 
a yellowish colour, forming in mass the orange-yellow zone of the sclorotium. Still 
'further out, tho mutuie spores are greenish-brown and the outermost layer consists 
of these with a fow fragments of the sponferous hyphse, which are ultimately almost 
entiioly used up in the building of the Bpores. The young spores are smooth or almost 
so, but when mature they have a rough, olive-green, granular ooating, soluble in 
ammonia, caustic potash, alcohol, and mineral acids. The same substance coats the 
-older hyphm to a lessor degree. 

Tho spoies are borne on minute projections from the sides of the radial hyphse, 
sometimes so close together as almost to hide the latter from view. They are usually 
round and measure 4 to 6/u. in diameter, occasionally elongated and 8 by 4f*. 

They germinate in small numbers in water and nutrient solutions by the formation 
-of slender, septate hyphse, which, after a limited growth, form clusters of minute, pear- 
shaped, oolourloss oonidia at and near their tips. In the United States, it was found that 
the spores lose their power of germination after about 6 months. In water, the germ-tube 
may bear only a single oonidium at its tip, but in nutrient solutions the stalk continues 
to grow from underneath the first-formed oonidium, which is pushed over to one side, Bind 
* new terminal oonidium is formed just above the first. This process may be repeated 
wveral times and small heads of oonidia formed. The germ-tube may branch, and in 
'■Germany and the United States, cultures of branching hyphse, forming a mycelium of 



Fig. 87. False smut of rice f Uatilaginoidta 
virtmi) : 1, section of outer part of sclero- 
tium : 2 , spore-formation and ripe spoies, 
X 450 ; 3 , gei ruination of spores with 
formation of secondary oonidia, > 300. 
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considerable size, have been obtained. In Germany, these have been carried on to the- 
formation of solerotia, bearing ripe spores similar to these found on affeoted plants. 
The oonidia will also germinate in nutriont solutions with n short germ-tube, on which 
still smaller oonidia develop* 

The further life-history is unknown. There is a yeast-like oonidiaf 
budding fungus, whioh develops in cultures and has been taken to be a 
secondary stage, but this is also readily obtained from healthy plants and 
is only accidentally associated with Ustilaginoidea. It has been named 
Cladosyorium Chodati, and plays an important part in the preparation 
of the hill beers brewed from rice in many parts of India, having consider- 
able fermentative activity* All attempts to reproduce the disease 
artificially have failed. Numerous efforts have been made, both in India 
and elsewhere, to oause infection by mixing spores with the seed and 
also to produce direct infection of the flowers, but without success. 
Seed from ears bearing diseased grain giveB healthy plants. As the spores 
lose their vitality after some months, infection from the soil is improbable. 
The scattered sclerotia on an ear and the occurrence of the disease in 
patches suggest that infection occurs at flowering time and the sclerotia 
develop rapidly as the grain ripens, but attempts to prove,, this have 
failed. No perfect stage has been obtained, in spite of repeated attempts 
at Pusa and elsewhere. 

Hence, in the absence of full knowledge of the life-history, il is not 
possible to give satisfactory recommendations for treatment. Fortu- 
nately the disease is not severe in any part of ludia, so far as has been 
ascertained. It is more common than bunt, but still only affects a small 
percentage of the ears and usually only a few grains on each ear. Even 
if treatment were known, it would scaroelv be worth the trouble of 
carrying out in most cases seen. 

The fungus is not known on any other plant. 

Selerotial disease ( Sclerotium Oryzce Catt.). — A disease of rice 
caused by this fungus, which is probably responsible in the aggregate for 
very considerable losses, but whioh is easily overlooked owing to the 
obscurity of its symptoms, is widely prevalent in praotioallv all the 
important rice -growing areas of India. Outside India it is known in 
Japan and Italy, but has not hitherto attracted much attention. 

It is well known that rice is particularly prone to bear “ light ” ears, 
that is, ears in whioh a greater or lesser number of the grains do not 
mature, the cavity within the glumes remaining empty. The condition 
is familiar to rice millers and in Burma has reoeived a special name 
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" gwa-bo.” Insect attack, both by borers that penetrate the stem and 
by sucking insects that damage the flowers, is responsible for much of the 
trouble ; nematode worms do great damage in the same way in certain 
parts of India ; but everywhere oases are found free from animal pestB 
and showing no definite symptoms except that the ears are light and there 
is a tendency to throw out green shoots from the base when the rest of 
the crop is ripening and turning yellow. j 


An examination of mature plants with these green shoots usually 


shows that the base of the stem 
is slightly discoloured at the 
lowest distinot intemode or the 
next one or two above. On split- 
ting the culm, a dark greyish weft 
of hyph© may be found within 
the hollow stem, and small, round, 
black, shining bodies (solerotia) 
oan be seen dotted all over the 
iimer surface. Sometimes the 
base of the culm is quite free from 
the fungus and the attack begins 
at a node some distance up the 
stem. The lower leaf Hheaths 
are also often involved and within 
their rotting tissues rows of 
sclerotia may form. When one 
plant in a clump shows the 
characteristic late shoots at the 
base, all the other plants in that 
dump are, as a rule, similarly 
attacked and every ear has a 
considerable number, often 50 per 
cent, or more, of light grains. 



Fio. 88. Solerotial disease of rice (8ol$ro- 
lium Oryzcr ) ■ 1, affected plant snowing 
late shoots at base ; t , solerotia in hollow 
of culm, x g; 3, hyphse in air space and 
oells of leaf, X 230; 4, appendage at 
end of bypha, x 280 ; 5, sclerotium frotp 
a culture, X 37. 


The hyphee of tho parasite penetrate the cells and large air spaces found between 
the main vasoular bundles of the culm and leaf sheath. They pasB from cell to oeil 
readily, often with a oonstnction at the point where the wall is penetrated and a swelling 
of the hypha on the proximal side. They also enter the hollow of the stem and the spaces 
between the stem and sheaths, forming a grey, woolly growth. Solerotia are developed on 
the free mycelium lining the inner Burfaoe, and also in the air spaces. The bulk of the 
hyphte run longitudinally in the large air cavities and in the oells bordering cn them, 
while a certain number grow outside the tissues between the sheaths. In artificial infec- 
tions, the infolded leaf blades in the bud aro readily penetrated, especially from the inner 
surfaoe, where the epidermal walls are thin. Young plants thus infected are completely 
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killed, whereas in the diseased, nearly mature plants seen in tho fields, death does not 
usually follow the attack but only partial sterility and excessive late tillering. 

In culture, the myoclium is at first white but later may turn brown, especially at the 
edges and on tho surface of the medium. Peculiar dark-brown appendages mny* develop 
at the margin of the growth. These may oonsist of one or more cells of irregular, often 
deeply lobed shape, which suggest appressoria. Segmentation of the hypfiee into chlamy- 
dnspore-like colls, barrel-shaped, with thiok, black walls and oily mntouts, may also 
occur. Sclerotia begin to form in five or six days, arising from a plexus of interlacing 
hyphae, which eontinue to branch and intertwine until a small, spherical, compact mass 
is formed. For a time, tho young solerotium increases in size by tho adhesion of fresh - 
branches to the periphery. Ultimately, the cell walls tum black and growth ceases* 
At this BtUge the intorior of tho solorotium has a very definitely parenchymatous structure, 
and the filamentous character of the hyphen is lost ; along the periphery, howevei, a thin 
layer of loosely intertwined, hyaline hyphee can bo seen. Tho mature sclerotium is roughly 
circular, smooth, black, and from 1.50 to 500/a in diameter. It shows little differentiation 
into cortex and medulla, and though it has been said in Italy to become ultimately hol- 
lowed out into a cavity containing circular pycnosporos, no such change has boon observed 
in Indian speoimons and no further stago has boon seen. 

Artificial inoculations at Pusa have proved tins fungus to bo a virulent parasite, 
killing 70 to 80 por cent, of tho young plants in about two weeks. Penet rath n occurs 
readily into the sound, unwouuded tissues. The effect on older plants in the field app< am, 
however, to lie rather a gradual weakening of the host, culminating in the failure to 
produce good seed. The reason for this difference in ■\irulence is not known. 

The fungus was fiist described in Italy, as the cause ofVvtensivo 
damage to the rice crop in certain parts. In Japan also, it has been men- 
tioned as causing muoh loss of grain. It is, however, exceedingly difficult 
as yet to apportion the responsibility between the several obscure diseases 
of rice which result in diminishing the yield, and much further work is 
required before a satisfactory knowledge of them can be obtained. 
Sclerotium Or y zee is probably the worst, fungus disease of rice as vet 
identified in India. 

Against a parasite such as this, it is difficult, to see what remedial 
measures can bo employed with success. The sclerotia of the fungus 
undoubtedly persist in the soil, where, under favourable conditions, they 
germinate and produce a mycelium which attacks the crop. The use of 
soil fungicides is, as has already been pointed out, little likely to be 
practicable on a field scale in India, and no other method of destroying 
the sclerotia suggests itself. 

KANGRI OR RALA ( Setaria italica Beauv.). 

Green ear disease (Sderorpora yea minicola Sobroet.). — Sclerospora 
graminicola attacks wild and cultivated species of Setaria in many parts 
of the world. In India it causes considerable damage to the Italian 
millet in Bihar and Madras and has also been collected in Kashmir. The 
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symptoms of the disease are almost exactly similar to those described at 
length above, under green ear disease of bajra, but the shredding of the 
leaves is usually more marked in Setaria than in the other oereals attacked 
by the fungus. In some cases, a considerable part of the grain is lost ; 
when this ocours seed should be obtained from a healthy crop and the 
land which has borne the diseased crop' should not again be sown with 
Setaria for two or three years. 


Rust ( Uromyces Setaria-iU 
This rust is not uncommon in 
India on several speoies of 
Setaria, including the culti- 
vated varieties of Italian millet. 
It has been found chiefly in 
the Peninsula from Poona to 
Mysore, and is known also in 
eastern Asia and north Africa, 
but has not hitherto been 
reported elsewhere. 

Only the uredo stage is 
usually developed, -teleuto- 
spores having been observed 
occasionally in Japan and once 
in Bihar. The uredo sori occur 
on both surfaces of the leat, 
chiefly underneath, as small, 
oblong, cinnamon-brown pus- 
tules, often arranged in rows. 
The teleuto sori are similar, 
but remain longer covered by 
the epidermis and are greyish - 
black in colour. 


(Diet.) Yosli.). — (Fig. 89, 1—2).— 



i, 81). Rusts of millets: l—~, Uromyces 
Setaria-italico' on Setaria italica, x 190; 
.*—4, Uromyces linearis on Panicum mil- 
iars, x 235 ; ft, Uredo operta on Coi* 
Lachryma-Jobi, x 212 ; fa', Uredo Paapali- 
ecrobiculati on Paspalum ecrobiculatum, 
X 190. 


The uredosporos aro round or ovato, spiny, yellowish-brown, and 22 to 34 by 18 to 
26p in diameter, with 3 or 4 germ -pores. The toloutosporos are roundish or oblong, 
often angular, with a smooth wall, slightly thiokenod at the apex, and yellowish-brown 
or yellow in oolour. The wall is thiokor than that of the uredospores, and tho 
measurement 17 to 30 by 16 to 24 fx. A hyalino or faintly coloured stalk usually 
remains attached to the spore when the lattor falls off. 

It is probable that this rust causes little damage, partly because, as 
noted in Japan, it appears late, at about the ripening period of the host 
plant. It has been observed more than once that rusts whioh attack 
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the young plant are often the most destructive, as for instance Puccinia 
triticina on wheat. ' 

No treatment has been tried, nor is any likely to be effective, short of 
breeding resistant varieties. 

Smut ( Ustilago Crameri Koem.). — The smut of rala is common in 
Bombay, especially in the Kamatic, where nearly half of the crop of the 



Fig. 90. Smut of Sttaria italiea ( UttUago Craintri) : 1, healthy and smutted 
ears, X J ; *, a smutted grain, x4;.J, spores, XifiO; germination 
of spores with bi anched germ-tubes, and tips of latter set free, > 460. 

Presidency is grown. It doubtless occurs in other parts of India but has 
not yet been recorded. Elsewhere it is known in North Amerioa, southern 
and eastern Europe, China, South Africa, and Japan. In Bombay, it 
sometimes causes the loss of 20 to 30 per cent, of the orop. 

The sori are confined to the flowers, affecting the ovary and basal 
part of the pales only. As a rule, every shoot is diseased and every flower 
smutted, though sometimes the upper part of the ear may escape. The 
normal grains are replaced by somewhat larger, spherical or pear-shaped 
sori, measuring 2 to 4 mm. in diameter and of a pale greyish-white colour, 
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which can be readily distinguished from the golden colour of the 
unaffected ripe ears* Later on, many of the son rupture and expose the 
black spore-powder, which is disseminated by the wind. Unruptured 
sori may, however, be found mixed with the grain even up to sowing time. 

The sporen are dark brown in mass, lighter singly, of somewhat irregular shape, 
roundish, oval, or angular, smooth, and 7 to lCfi in diameter* They gennihate readily in 
water, producing a long promyoolium, divided as a rule into 4 or 5 Celle, No sporidia 
are formed, but m place of them long, slender hyphee are given off , often front the olamp. 
connections and buckle-joints developed . between two cells. In nutrient solutions, 
germination follows the same course, but is more vigorous. The lower part of the hyphee 
becomes septate and emptied of protoplasm, which collects towards their tips ; these ma} 
then be sot free and grow out into filaments, and new hypheB of tho same type may 
continue to tie given off as long as the nutrient solution remains unexhausted. 

Infection takes place in the seedling stage from spores adhering to 
the grain coat and sown with the seed, just as in oat smut or grain smut 
of jo war. The histological details have not been worked out, but infec- 
tion probably follows much the same oourse as in Sphacelotheca Sorghi. 
There is no evidenoe that infection from the soil ooours. 

Hence treatment is on the same lines as in the grain smut of jowar. 
Experiments in Bombay showed that the disease can be entirely prevented 
by steeping for 10 minutes in 2 per oent\ copper sulphate, and this method 
i« being introduced into practice. In Europe, the best results have been 
obtained with formalin. Complete prevention has been obtained by 
immersing the seed in 0*5 per cent, formalin for 5 minutes, the floating 
grains being skimmed off and the rest then rinsed with clean water and 
dried. Almost ah good results were got by immersion for three hours in 
0*25 per cent . formalin, without, removing the floating grains or washing 
with water. Copper sulphate has not proved so satisfactory in Europe 
as m India. Only good seed should be used, as old or damaged grain may 
be injured by the treatment. The grain should be dried quickly or it 
may begin to sprout, and it should be sown as soon as possible after 
treatment. 

The fungus attacks also the allied grass, Setaria viridity 
CHENA ( Panicum miliaceum L.) 

Smut ( Ustilago Panici-rnitiacei (Pers*) Wint.). — This disease resem- 
bles the head smut of jowar, the ear being wholly transformed into* 
a large spore-sac, filled with dark spores and the remains of tbe 
fibro- vascular bundles of the inflorescence. 

Its distribution in India is not known, as it has been found only in 
Kashmir up to the present time. It also occurs in Japan and south and 
central Europe on the millet ; and in Australia on an allied wild grass.* 
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The smutted ears are long conoealed by the sheath of the enclosing 
leaf, but become visible about harvest time as large conical sacs, the whole 



ear being replaoed by 
a single sorus, covered by 
a shining, greyish-white 
membrane which, as it 
escapes from the en- 
closing sheath, early rup- 
tures and exposes the 
black spore-mass inside. 
Affected plants remain 
green even after the 
healthy ones have turned 
yellow in ripening, except 
that the ends of the 
leaves wither ; there is 
also an excessive develop- 
ment of hairs on the cn- 
obsing leaf * sheaths. 
Usually any secondary 
ears that may form 
laterally below the main 
head are equally affected. 
It is said that in rare 
cases the whole inflores- 
cence is not destroyed, a 
lew aborted flowers on 
tortuous peduncles being 
visible. 

The spore -sac in omioaod in 
a membrano formed of fungus 
tissue. Inside, tho spores he 
surrounding numerous fine, 
hard filaments, which are tike 
fibre- vascular bundles left 


*Fia, 9L Smut of Pantcum miliuetum ( UttUago 
Panici-mUiacti), x |. 


when the smut tumour forms 
spores, just as is found in U*~ 
tilago Reillana. Tho spores 


devolop in a soft parenchyma cent entrically art und each bundle, the youngest being next 
the bundlo, while older onos are iu contact with those formed round 'neighbouring bundles. 


Sterile bands of fungus tissue, like that which forms the membrane of tho sac, traverse 
the interior. The spores originate in groups closely united together and surrounded by 
simile, gelatinous hypha? which disappear at maturity. These spore -balls break up more 
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or lees readily v when placed in water, and the individual spores aro all oapablo of germi 
nation. Owing to the mode of development of the spores in unitod balls, some authors 
consider this fungus to belong to the genus Sorosporium rather than Ustilago and, as m 
Uttxlago Reiliana, it is at least intermediate between the two genera. 

The spores are roundish, elliptical, or often Angular, yellowish -brown in colour, and 
measure 9 to 18 by 8 to ll/a in diameter, tho epieporo being almost smooth or furnished 
with very minute punctations. They germinate freely in water, giving rue to a pro- 
mycelium of just tho same type as in U. Crameri. Long, branched hyphcp, with tho 
contents oollected at the endB, are formed in place of sporidia , arising often from tho buckle* 
joints betwoon two cells. In nutrient solutions, however, sporidia are formed in fair 
numbers, but they soon grow out into hyphaa instead of giving oolonies of budding spores 
in the usual way. The hyphw may again form spondia at thoir tips, especially where 
they projoct into tho air. Spores kept dry for 8 years have been found still capablo ot 
germination. 

The life-history is similar to that of Uslihgo Crameri , infection taking 
place in the young seedling soon after germination. Experiments carried 
out in Japan and Austria have abundantly proved that the smut can be 
induced by mixing the spores witli the seed before sowing. Even with 
spores two years old, 00 per cert, of the plants in a small plot were infected 
in thiH maimer in Japan, while a similar plot near by, to which the spores 
were not added, bore no smut. In &ome paits of Japan, it is the practice 
to harvest the ripe healthy ears only. In this way the smut-masses are 
left behind and, as they do not usually open before harvest, the grain 
does not get contaminated bv smut spores. In these localities the 
smut does not cause any damage. In others, it is the custom to harvest 
the entire stalk for thrashing. The smutted ears are broken during the 
latter process and the spores get disseminated on to the healthy grain. 
Here the damage caused is great, leading sometimes to the entire loss of 
a harvest. In Germany, 60 to 100 per cent, of sirutted plants have been 
obtained by spraying the germinated spores on to very young seedlings. 
There is no evidence that infection occurs from the soil. 

The treatment is therefore based on the same considerations as in 
V . Crameri. No experiments have been tried in India, but sufficient 
proof has been obtained elsewhere that disinfection of the seed is entirely 
satisfactory in preventing the disease. Copper sulphate and formalin 
have both been used with success, and may be employed as recommended 
for U. Crameri. As in the latter case, it is important to dry quickly, on 
account of the rapidity with which the wetted grain germinates ; and 
for the same reason it is sometimes better to use a short formalin 
treatment (J per cent, for 5 minutes), the floating spore-masses and 
light, grains being skimmed off and the grain immediately dried without 
washing in water, than the usual i per cent, for, 2 or 3 hours 
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without skimming. Hot water at 55°C. for 7| to 12 minutes has also 
been recommended. 

The fungus is said to attaok also the allied grasses, Panicum Crus - 
galli and P. spinescens, n\ other countries. 

Rust ( Credo sp.). — A rust is found on this crop in India, but ooours 
only in the Uredo stage and has not yet been identified. It would seem 
to be of little importance, as it has only been collected in the Wynaad. 

KUTKI ( Panicum miliar e Lam.). 

Rust ( Uromyces linearis B. and Br.). — (Fig. 89, 3-f). — This fungus 
is only known in India, Ceylon, and the Philippine Islands, and no informa- 
tion is available as to the extent of the damage which it can cause. It 
has been reported from near Poona. 

The uredo son appear in linear rows on the upper surface of tho loaf and aie minute, 
narrow, brown, and slow in, bunding through tho epidermis The spores aro round or 
elhptioal, spiny, yellowish brown to brown in colour, and measure 22 to 28 by 20 to 25/a 
in diameter, with a rather thick wall. The teleuto sou am similar to the uredo son but 
black The teleutospores vary from almost round to broad elliptical, the wall being 
greatly thickened (up to 1 1 /a) at the free end , they are smooth, brown, 20^to 32 by 18 
to 25/a m diameter, and seated on long, thick stalks winch remain attached to the sjaire 
when it falls off. 

Several of the wild species of Panicum are attacked by lusts resem- 
bling more or less closely this species, and in India it has been found 
widely distributed on P. repens. 

SAW AM ( Panicum frumenlaceum Roxb.). 

Smut (Ustilago Panici-frumentacei Bref. and Ustilago pa) adorn Syd. 
and Butl.). — Two quite distinct smuts are found on this crop. 

The first, U. Panid-frumenlacci , has been collected neai Simla, at 
Pusa, and in the Madras Presidency, and is, therefore, widely distributed 
in India, though apparently unknown elsewhere. 

The sori occur not only in the inflorescence but also on the stem, 
especially at the nodes, and on young shoots, both those given off from 
the ground level and those formed laterally in the axils of the older leaves. 
These shoot infections cause considerable deformity, a twisted mass of 
leafy shoots, with sometimes short or aborted ears, and with sori at the 
nodes or near the apex, being formed, In the ear also, there may be some 
deformity and twisting of the rachis. The stem sori are large, up to half 
an inch in diameter, swollen, and covered with a persistent, grey membrane. 
In the ears, only individual flowers are involved and the majority qf 
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the grains may develop normally. The grain sori are formed m the 
ovary, which is swollen to twioe or three times the normal diameter. On 
rupture of the mem- 
brane, the inside is found 
to consist of a powdery, 
black spore-mass. 

Tho spores are round, dark 
brown, wxtli tkiok, sharp spines, 
and 7 to 12/* in diameter 
Thoy germinate with the for- 
mation of a typical promy- 
celiutn on whigh, especially 
i n nutnont solutions, a copious 
production of sjamdia takes 
jildco, in long, branching chains 
of a regularly dundntic slia])o 
As the nutrition becomes ex- 
hausted, hyphse aro produced, 
which may omcige fiom the 
liquid and fonn small chains of 
-niri il spondia of the same 
dendritic typo ( Fig 9*1) 

The life-history is un- 
known and no treatment 
has been tried. 

The second smut of 
sawan, U. paradoxa, is 
equally only known from 

India, having been ob- Fig. 92. Smuts of Panioum frununtareum (Utlilano 
Panlei J rumentaert on right and U. paradoxa on 
served at Pusa on several left), x 

occasions. It differs from 

the last in producing sori exclusively in the ears and m causing no 
•deformity of the host plant. 

' The sori are found in individual grains, sometimes only a few on an 
ear, more often replacmg the majority of the grains. They are developed 
m the ovary, which is transformed into a round, hairy, grey satS, up to 
2 mm. in diameter and therefore not greatly exoeeding the size of the 
normal grains. The Utter can, however, readily be distinguished by their 
smooth, light coloured, shiny ooat. The membrane of the sorus is tough, 
but when ruptured by rough handling a bUok, powdery spore-mass 
is exposed. 

The spores are nearly round or oval, smooth, olive-brown, with granular contents, 
and 7 to 10/a in diameter. On germination in water, they give out long, branched, septate 
hyphie, without any formation of a true promyoelium or spondia. 
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As in the other smut of this crop, no treatment oan be recommended* 
since the life-history is entirely unknown. 



Fig. 93. On left, genmnition of spore of Uthlayo Panin frumnitactu 
with formation of sporidia. On right, germination of spores of U. pain 
doxa with formation of branched gei ra tubes. 


KODRA ( Paspahnn scrolneulatum L.). 

Rust ( UreJo Paspali-scrobmilati Syd.). — (Fig. 89. 6'). — The rust of 
this extensively cultivated millet has hitherto only been collected in the 
Himalaya, eastern India, and Ceylon. It is not believed to be prevalent 
in the important kodra cultivation of the Central Provinces and Bombay. 

The non aro found on the loavos, mostly on the upper surface, as small, scattered, 
brown, roundish or oblong (up to £ min long) pustules, which remain long covered by the 
epidermis. The spores are irregularly ellipsoidal, of a blight chestnut -lire wn, 29 to 40 ljy 
24 to 28 fi in diameter, and with a spiny wall alxiut 2fi tint k A few paraphysex are present 
in the sori 

The remarks regarding the treatment of other cereal rusts, no doubt 
apply equally to this species. 

Smut ( Soro8porium Paspcdi McAlp.). — This * smut ooours on the 
cultivated crop in Bihar and is also known in Ceylon and Australia. 

It resembles UstHago BeUiam in transforming the whole ear into a 
smut sorus, which may be 2 or 3 inches long by about J inch broad and 
is surrounded, when young, by a cream-coloured membrane. The whole 
is often partly enclosed in the flag-leaf of the ear* 
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The aori destroy the whole inflorescence oxoept the flbro-vasoular bundles of tho 
raohis, whioh persist as a bundle of filaments. 

The spores are formod in loose balls, 30 to 50/* in diameter. Individually they 
are globose-angular or roughly pear-shaped, dark lo yellowish -brown, with a thick, 
smooth wall, and 11 to 18 by 8 to 12 /a in diameter. They have not been germinated. 

Nothing is known of the life-history and treatment has not* been 
tried. 

RAGI or MANDUA ( Eleusine coracana Gaertn.). 

Leaf blight (Helminthofrporiim nodulosum Berk, and Curt.). — The 
commonest disease of this extensively grown crop in India is oaused by 
a similar fungus to those that cause the leaf blights of barley, maize, 
and jowar. It has been reported also from the United States and the 
Philippine Islands. 

Affected leaves become marked by numerous elongated spots, at 
first oval and light 
brown, then elongat- 
ing parallel to the axis 
of the leaf and turning 
deep brown. The old 
spots may be up to 1 
cm. long by about 1 
mm. broad, but as 
several 0 may unite, 
larger patches are 
often formed. The 
attacked leaves wither 
prematurely and the 
grain yield is conse- 
quently reduced. The 
leaf sheaths and even 
the ears may some- 
times become infeoted. 

The fungus forms a 
small, woolly, greyish- Fig. 94. Leaf blight of Eleutins coracana ( Btlmintho- 
brown mass in the centre tpartwn nodulotum) • wt of leaf with spots, x J 

of moh .pot. Thia oonaiats oonldtophor.. and oonidia, x 260. 

of dusters of aporophores 

arising from an internal mycelium through the stomata and also, though less 
often, direotly across the epidermal oells. The aporophores are' ereot, un- 
branohed, often muoh curved, or with prominent knee-bends, deep brown below* 
paler at the tip, and with numerous septa. They measure from 80 to 260 
by 8 to 7 /t aud bear the oonidia singly at the tip, the earlier-formed spores being pushed 
over to the side by renewal of the growth from just below their insertion. The oonidia 
B, BIO 16 
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fall off very easily and aro largo bodies, from 50 to 100 by 12 to 17/a in diamoter, cleai 
brown in colour, straight or slightly curved, and divided by frcm 4 to 10 transverse septa. 
Their germination has not been observed. 

As the life-history of this fungus is unknown, no suggestions foi 
treatment can be given. 

KASI ( Coix Lachryma-J obi L.). 

Rust (Uredo operta Syd. and Butl.). — (Fig. 89, 6 ). — This inconspicuous 
fungus attacks the Job’s Tears millet in parts of the hill districts of south 
India and is also known in Ceylon. Usually the leaves are also affected 
by the black spot due to Phyllachora Coicis, and it is not possible to 
determine the amount of damage caused by these two fungi. 

The *t law-coloured uredo son aro found scattered on both Hurfacen of the leaf and 
aro ho minute as readily to escape detection. They remain long covered by tlu> eju- 
dormis, but ovontually rupture to expo ho tho umlospnres. The latter are nearly round, 
elliptical, or egg-shaped, yollowish-brown. and measure 22 to 36 by 18 to 28 /a. The 
episporois thickened and duiker at the apex, and provided with spines especially at the 
uppor part. Mixed with the spores nro sterile, curved, club-shaped, almost colouilcRs 
pai n physes 

The disease is probably not susceptible to treatment. 

Smut ( Ustilago Coicis Brei.).- -The smut of this millet was first found 
•n the Himalaya some twenty years ago, and has since been collected in 
Bombay and Java. As our knowledge of the cultivation of the crop is 
still very imperfect, no information is available regarding the amount of 
damage caused by the disease, but the millet is an important minor crop 
in some of the hill districts, and since the fungus entirely destroys the 
grain, it may cause considerable loss. 

Every grain of the head is transformed into a black spore-mass, 
without, much increase in size as compared with healthy grains. The 
spore-mass is surrounded by a membrane hidden by the glumes, and is 
traversed by flattened or angular filaments, probably the remains of the 
fibro-vascular bundles of the axis. 

The individual Hporcs arc dark blown, round or slightl> o\ul, nicuMiung 7 to H/a in 
diameter, and with a finely ninny epi spore. They are mingled with Htorilc fungus cells ami 
short hyphso. Thoy were gernrinatod in Germany after being kopt for two yearn in damp 
earth and then sown in nutrient solutions. In Java, they genmnuted in water and in 
nutrient media immediately after ripening. The prcmyrehuin iH a) ways four-celled and. 
whon old Hporen are germinated, is slightly constricted at the lowent Koptum, where it tends 
to break off in much tho name way a* described above under Spfiar slot hern Sorgki. Spori - 
dia aro formed terminally and laterally near tho nopta and these may bud off secondary 
oonidia. The primary appridia also often elongate, after falling, into a septate filament, 
which may be longer than the promycoliura and which also buda off secondary aporidui 
from the ends and from near tho septa. 
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The life-history of the fungus is unknown and therefore no recommen- 
dations for treatment can be given. 

Blaek leaf spot ( Phyllachora Golds Henn.). — This is caused by a 
member of a very 
common group of 
Ascomyoetous leaf 
parasites, the Phylla- 
choras being found on 
many grasses, as well 
as on the leaves of fig 
and other trees in 
India. They do not 
ordinarily cause appre- 
ciable damage, being 
limited to small spots 
on the leaves, and the 
surrounding tissues 
not being in any way 
affected. The fungUB 
has been found in 
south India and in 
various places in 
southern and eastern 
Asia. 

Affected leaves bear, 
chiefly on the under 
surfaoe, numerous 
shiny black, elongated, 
flattened stromata, up 
to 2 mm. long by | to 
I mm. broad, which 
may be mistaken, on 
superficial examination, for a rust. 

Microscopically, each black body is oomposed of stromatic fungus -tissue, hollowed 
out into a few flask-shaped or leus-shaped cavities, without distinct walls, and up to 400/* 
in longest diameter. Those contain asci, cylindrical or clavate in shape, and 60 to 100 
by 15 to 20/* in diameter. The ascospores are eight in number, arranged obliquely in a 
single row or sometimes double near the top. They are unioellular, elliptical, very pale 
yollow in colour, and 14 to 22 by 10 to 14f* in diameter. 

As the fungus, though prominent, does little damage, being strictly 
limited to the blackened spots, no treatment is required. 



Fig. 06. Smut (Uatilago Coioit) and black spot (Phylla- 
ehora Coiexs) of Ooix Laohryma-Jobi : 1, smutted ear. 

' 4; germination of smut spores with formation of 
aporidia, - 175 ; S, leaf with black spot, x 4 : 4, sec- 
tion of same showing stroma and perithecia ; />, asous 
of same, with paraph yies a and asoospores b, ^ 250. 
(2 after Brofeld). 



CHAPTER VII. 

PULSE CROPS. 

PIGEON PEA OR ARHAR (Cajmus indicus Spreng.). 

Wilt (Fusarium udum Butl.). — The term “ wilt " ifl applied to a class 
oi diseases very prevalent in India, particularly amongst plants belonging 
to the pulse and mallow families. It is characterised by the gradual or 
rather sudden withering and drying up of the green parts, exactly as 
if they were suffering from drought, even though there may be plenty of 
water in the soil. Examination of the main roots and of the base of the 
stem shows that the tissues are blackened, either uniformly or, 
especially in early stages, in streaks. This blackening is sometimes visible 
through the bark but is best seen on removing the latter, the wood 
being the seat of the most pronounced discoloration. In spme cases 
as in the pigeon pea wilt, the black streaks can be traced up the stem 
to a height of several feet, and the earliest branches to wither are those 
which arise from the blackened parts of the stem. In all oases, the 
streaks can be traced down to the roots and are found to arise from 
main or lateral roots which have become rotten. It is not uncommon 
to find a plant with one side only withered, with the stem on this side 
blackened, and with a few of the larger roots on the same side rotten. 

These diseases appear to be mostly oaused by parasitic fungi belong- 
ing to the genus Fusarium, which are soil dwellers and are capable of a 
saprophytic life in the soil for long periods, in the absence of a suitable 
host plant. They are probably of the class of half-saprophytes, i.e., 
fungi which are normally saprophytic and find in dead matter (in this 
case, organic debris in the soil) all the nutriment requisite for their full 
development. When, however, they enoounter the roots of certain 
plants, they are capable of entering and passing through a period of 
parasitic life. This behaviour should be contrasted with that of the 
smut fungi, most of which, while capable of life for a longer or shorter 
period as saprophytes in soil, manure, and the like, can only reach their 
full development when growing as parasites in living plants : with one 
or two doubtful exceptions, the development of the perfect spore stage 
of smuts only ooours in living plants. 






Fig. 96. PIGEON PEA WILT 'Fmarium udum ) middle PLANT HEALTHY . that on right. WILTING : that on left. DEAD. 
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The genus Fusarium belongs to the Deuteromycetes or imperfect 
fcingi, many of which are known to be only stages in the life-history of 
higher fungi t principally Asoomyoetes. Fusarium itself is often a oonidial 
stage of Hypocreaoeous fungi, ohiefly speoies of Neotria and Neooos- 
mospora, Asoomyoetes possessing bright red peritheoia. None of the 
soil Fusariums whioh oause wilt diseases of plants have, however, as yet 
been satisfactorily proved to belong to any known Asoomyoete ; they 
appear to live from generation to generation in the oonidial stage only, 
and to have lost the asoigerous condition. But there are several non- 
parasitic species whioh have retained this stage, and there is a common 
example in a Fusarium on rotten plant roots in soil in many parts of 
India, which bears under suitable conditions, both on the roots and when 
grown in artificial culture in the laboratory, the coral-red peritheoia of 
Neocosmospora msinfecta. Even amongst the parasitic species, several 
whioh attack the stems of plants and oause cankers commonly develop 
the Nectria type of perithecium at a late stage of their growth. But, 
so far, the peritheoial stage of the forms that attack roots has not been 
found. 

The wilt of pigeon pea is common throughout India, being very 
destructive in parts of Bombay, the Central Provinces, the United Pro- 
vinces, and Bihar. It is less frequent in Madras, but has been found as 
far south as Godavari. In infected parts of Bombay and Bihar, experi- 
ments have shown that the loss from the disease may considerably exoeed 
BO per cent., if the crop is grown on the same soil for two or three years 
in succession. It does not seem to be the practice, however, in any part 
of India to grow the crop twice consecutively on the same land, and the 
care which is exercised in the proper rotation of pigeon pea is not impro- 
bably the result of experience of the damage caused by the disease when 
rotation is neglected. The parasite has not yet been reported outside 
India. 

The symptoms of the disease are, as already stated, such as would 
arise from a total or partial stoppage of the water-supply from the roots 
to the aerial parts of the plant. It first appears in the young seedlings 
a few inches high ; at this stage it is usually overlooked unless the number 
of deaths iB large, which is not often the case at such an early period. 
Usually, if rotation has been properly attended to, only a few isolated 
plants will be found wilting early in the year. Later on, neighbouring 
plants, generally those nearest to the early cases, dry up, a month Q? more 
often elapsing between the death of one plant and that of its nearest 
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neighbour. By the time the crop has reached its full height, the deaths- 
will be found to have occurred ohiefly in little groups, eaoh corresponding 
to an early case, and these groups increase in size by centrifugal spread. 



Fig. 97. Pigeon pea wilt /' Fusarium udumj 1, stem in early stage of 
attack with nark peeled off to show blackened streaks on the 
wood, d blackened roots ; 2, roots of wilted seedling showing 
points of infection at a s $, hypb® in Tassels w with raicrooonl- 
dia in c. 


up to the time of harvest. All this time, too, new isolated cases may 
ooour, eaoh serving to originate a fresh wilted patch in the field. 

Attacked plants are usually killed. It is not certain, however, that 
this is always the case, as several instances have been observed in Bihar 
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of a pigeon pea disease characterised by failure to produce pods, the plants 
dropping their flowers prematurely or failing altogether to flower. In 
some of these cases the roots have been found slightly infected by a fungus 
which appeared to agree with Fusarium udum, and hence it is possible 
that there is a mild form of the disease which causes sterility but does not 
kill the plants outright. 

Microsoopio examination of the roots of diboasod plants shows that tho blackened 
tissues of affected roots are permeated by the hypho of a fungus. These accumulate 
ohtefly in the wood, in whioh tho largo xylom vessols (whoso function it is to carry water, 
taken up by the roots, to tho abovo-ground parts) are frequently plugged by masses of 
hyphra, offshoots from which extend into tho neighbouring oblls (Fig. 97, 3). The hyph® 
are hyaline and run through the colls, growing with groat rapidity along tlio msido of the 
walls of tho large vessels, up into the atom. This general tondoncy to rapid longitudinal 
spread up tho xylen oxplains why tho discoloration, which marks the presence of the* 
parasite, may bo found at a comparatively early stage in tho disease, extending in long 
streiks up the stem from tho p nnt of origin of tho infoctod roots Tho preference shown 
by tho fungus for tho water channels of its host, and tho manner in which these aro plugged 
by matted coils of hyphen, are perhaps sufficient to account for tho symptoms of drooping 
and wilting of tho leaves characteristic of tho disoaRo Though tho water supply to tho 
roots may bo ample, its passage to tho green parts is impeded by tho choking of the 
vossols ; this may bo sufficient to produce tho same offoct as severe drought : bu| it is 
possible that poisonous substancos oxcreted by tho fungus may also play an important 
part, os has boon shown to bo tho caso in tho bactorial wilt of tobacco (p 335). 

Infection occurs through tho line lateral mot*, which aro ponetratod by tho hyphen 
and rapidly blackened and shnvolled (Fig. 97, 2) Tho fungus early gams tho wood and 
passes baok along this to tho largor roots, which aro in turn killed. Penetration can occur, 
m the absence of wounds, through tho fine roots, but does not soom to suoocod in 
uninjured largo rootH or the base of tho atom, though it is possible that infection can be 
oarned out hero also if tho tisHiios are brokon. Thoro is no evidence that it over takes 
place abovo ground. 

Spores are produced oven within tho tissues of the host plant. One form of conidium 
is borno on short hyph® within the largo vessels (Fig. 97, .7 c). This is a small, olliptioal or 
curved spore, formed apically and thrown off by tho growth of a second from the same 
spot. Those spores are usually unicellular but may have one or more septa, and moasuro 
from 6 to 15 by 2 to 4/a in diameter. Witlun tho roots, thoy usually become free on falling 
but in artificial oulturo and on the surface of the plant they are hold together m a little 
drop of liquid at tho tip of the hypha, until as many as a dozon have been successively 
formed (Fig. 98, 3) This type of comdium is characteristic of the imperfeot genus 
Cephalosporium, and may bo oallod tho Cophalosporium or mioroconidial stage of tho 
fungus. A second kind of spore is also form*d within the vessels in old cases : a spherical 
or oval cell (or often several Buoh united into a short chain) formed from any part of a 
hypha by tho division of the latter into short segments, whioh round off and become thick- 
walled. This iB a more durable spore than tho first typo, being capable of germinating 
after a long interval of time. As it is formed on any part of the mycelium by the simple 
segmentation of the hypha, it belongs to the olass of spore montioned on p. 14 under 
tho name of ohlamydospore (Fig. 98, #). A third Bpore form is developed on the surface 
of tho bark on small cushions of stromatic mycelium, whioh burst out through the epider- 
mis. Tho spores of this type are long, curved, pointed at the ends, and formed At the 
tips of short oonidiophores as in the first type but falling individually without being held 
together in a ball. They are divided by from three to five transverse septa and measure 
15 to 50 by 8 to 5/a in diameter. This is the Fusarium or macrooonidial stage of the 
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fungus (Fig. 08, 7). The other two spore forms are also developed on tho surface of the ‘ 
blaokened parts ; all three may be found together, or encouraged to appear by placing 
a diseased root or stem in a moist atmosphere for some days. Usually the Cophalosporium 
stage develops first, the Fusarium next (but is often wanting), while ohlamydospores form 
in abundance as' the supplies of food and moisture get lessoned. In artificial cultures, the 
Fusarium spores often grow singly from short lateral hyphee, not side by side on stromatic 
cushions of pseudoparenohymatous fungus tissue, as on the bark. In suoh cultures also, 
every intermediate stage as regards size, shape, and number of septa, may be found 
between the Cophalosporium and Fusarium forms (Fig. 98, 4). 

On the roots of wilted plants of pigeon pea (as on dead roots of many other plants in 
India) it is not uncommon to find the bright red peritheoia of the fungus Neocosmospora 
vamnfecta. On stems of wilted plants in Dohra Dun, tho rather similar red perithecia 
of Nedna Bolbophyllt frequently oocur. It so happens that both these fungi possess 
lower stages corresponding so closely with the conidial forms of Fusarium vdum as to 
bo praotioaHy indistinguishable without the aid of cultural methods. It was only by 
isolat mg each of tho three fungi in pure cultures and testing tho parasitism of oach 
separately that it was possible to establish Fusarium udvm as the true cause of the 
disease. The caso is a good one ns illustrating the difficulty which is sometimes 
oxpononcod in ascertaining the oause of crop diseases and the necessity of proving tho 
parasitism of the suspected fungus by inoculation ; tho more so as Neocusmosjxjra 
vasinftda was previously believed to bo the cause of a number of wilt diseases of crops 
in different parts of tho world. 

Ab already stated, infection probably always occurs through the roots. 
The fungus remains alive in the soil, even in the absence of the host plant, 
for a considerable period, certainly more than a year. The Cephalos- 
porium and Fusarium forms of oonidia are capable of germination when 
nearly a year old. The ohlamydospores probably retain their vitality 
for a still longer period. The prevalence of the disease and the extent 
of damage caused by it, are largely due to soil infection from the preceding 
crop. The fungus passes from decaying roots into the Boil and continues 
to grow and form spores under saprophytio conditions until the next 
crop is planted. It is not, however, capable of indefinite life in cultivated 
soils ; otherwise it would be practically impossible to grow pigeon pea 
on a large scale in the infected areas. Under the normal rotation practised 
in Bihar, where pigeon pea is nob usually again grown on the same land 
for three years, most of the fungus will have disappeared by the time the 
new crop is sown and only scattered cases of wilt will be found. Spread 
from these takes plaoe ohiefly through the soil, as the occurrence of 
gradually increasing patches of the disease clearly shows. The rate of 
this spread appears to depend on the space between the plants and the 
size of the latter ; it is more rapid, the more crowded and the larger the 
plants are. This indicates that the fungus extends more readily along the- 
roots than across intervening soil. 

It has also been proved, however, that new oases of the disease may 
arise at a distance from the original patohes, as a result of infection by 
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spores blown from the stems of wilted plants on to the soil. The fungus 
has been obtained from the surface of the stem well above the ground 
level, and the spores isolated from this position have been shown to be 
oapable of causing the disease when added to the soil in which healthy 
plants are growing. This aerial-borne infection, however, usually, 
occurs late in the season, as superficial spores are only produced in quan- 
tity freely exposed to currents of air when the wilted plants are of good 
size. Hence the damage caused in this way is not often considerable, 
being limited to single, scattered plants, which have not time to infect 
many of their neighbours before harvest. There is no evidence that the 
disease is conveyed in the seed, though, of course, it is quite possible that 
spores may adhere to the seed during harvesting operations, and reach 
the soil when the seed is sown. Experiments indicate that this is not a 
common method of spread. 

Treatment of any disease which attacks plants through the roots is 
difficult. Obviously an attempt would have to be made to kill the 
parasite in the soil without injuring the roots ; and this would have to 
be done early, as once the fungus* enters the plant it is oi* of reach of 
external applications. Many experiments have been made with fungi- 
cides added to the soil, in the attempt to check various Fusarium wilts. 
Formalin injected into the soil was shown to be effective in checking 
carnation wilt in France, but the cost was about Rs. 300 per acre ! In 
the United States, a large number of soil fungicides has been tried against 
cotton wilt, but without success. Tests with sulphate of iron and lime 
have been made in India, but were not effective in checking pigeon pea 
wilt. It does not appear very probable that any satisfactory method of 
disinfecting soil which contains parasitic Fusariums will be found. 

Since direct treatment is not hopeful, indirect measures must be 
adopted. The chief of these is undoubtedly rotation, a sufficient interval 
being left between successive crops to allow the fungus to die out. In 
parts of Europe and the United States, it is found necessary to leave as 
much as six or eight years between successive crops of flax, on account 
of the allied flax wilt. The usually small holdings in India make it diffi- 
cult to adopt really lengthy rotations, and where pigeon pea is of such 
major importance as a food crop as in Bihar, it is probable that the local 
practice could not be altered without serious inconvenience. On the 
whole, the disease is kept within reasonable limits by the rotation 
adopted, as it does not often destroy ten per cent, of the crop. When- 
ever it appears, the wilted plants should be systematically removed and 
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burnt, as they are a source of danger owing to the formation ol spores 
on the surface of the stem. 

The only thoroughly satisfactory way of dealing with wilt diseases 
is the selection or breeding of resistant varieties. In the United States, 
for instance, it has been found that Egyptian cottons are much less liable 
to cotton wilt than most of the local varieties ; while remarkable success 
lias attended the attempt to produce resistant varieties by selection and 
hybridisation within the local races, not only in cotton, but also in water- 
melon, cowpea, and other plants subject to wilt and to certain other 
diseases. So also the cotton known as Buri in India is quite immune to 
cotton wilt in the Central Provinces. In spite of an extensive search, no 
variety of pigeon pea has been observed to resist the disease in this crop. 
Individual plants have, however, been found which appear to be more 
or less resistant, and an attempt is being made to isolate and propagate 
these. It is too early yet to predict what measure of success is likely 
to attend this method. 

Wilt diseases similar to that of pigeon pea and probably caused bv 
species of Fusarium, arc known in India in cotton, gram, sesamum, 
sann-hemp, cowpea, Hibiscus cannabinus, and other crops. The general 
characters of these diseases resemble those described above, and their 
treatment will probably depend on much the same considerations. It 
will be necessary, however, to ascertain the cause and to w r ork out the 
life-history of the parasite lesponsible in each case, before any accurate 
knowledge of the disease can be gained. From what is known of these 
fungi, it is probable that each is confined to a single, or at most a few’ 
closely allied hosts. The pigeon pea Fusarium has not been found on 
any other plant. 

FIELD AND GARDEN PEAS (Pmim arvense L. and P. sati- 
vum L.). 

Downy mildew ( Peronosyora Vicice (Berk.) de B.). — This fungus 
ocours on the leaves of field and garden peas and is not uncommon in the 
Indo-Gangetio Plain. It forms a downy growth on the under surface 
of the leaves, in patches of varying size, sometimes covering most of the 
leaf surface, and of a greyish-violet colour. This growth is composed of 
conidiophores, arising from the mycelium of the fungus which is buried 
within the leaf tissues. 

The mycelium oonsUta of hyaline, unseptate, branohing hyphse, confined to tho 
intercellular spaces except for branohed, finger-shaped haustoria which penetrate into the 
cells. 
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The oonidiophores arise directly from the internal hyphae and emerge in dusters 
from the stomata of the under surface of the leaf. They are long, un branched for two- 
thirds or more of their height, then six to eight times bifurcated, the ultimate ramifica- 
tions diverging from eaoh other at a right, or 
more often obtuse angle and bearing oonidia 
singly at the tips. The oonidiophores measure 
400 to 700 by 9 to 11 /a and all the branohes 
are stiff and straight or only slightly ourved. 
The oonidia are nearly oval but narrowed a 
little below, pale violet in mass, and 22 to 27 
by 15 to 19/* in diameter. They gorminate in 
moiBture as soon as ripe, by a germ-tube which 
usually emerges from the sido of the spore. As 
they aro blown about freely by tho wind, they 
serve to spread tho disease rapidly from plant 
to plant, but they are short-lived and noed 
the proximity of tho host plant for further 
development. 

In the old withered leavoB oopores are found 
buried in the tissues. They are roundish, .light 
brown bodies, with a thick episporo marked by a 
large, raised reticulation and measuring 28 to 32/* 
in diameter. Thoy lio singly within a larger thm- 
walled oogonium, which disappears after a time. 
Tho oospores germinato first in <?io season follow- 
ing that in which they were formed, and are very 
resistant to drying and other unfavourable 
conditions. 

Fki. 99. The disease is rarely very injurious 

with mildew on under surface, to peas and treatment has not been 
oospores, x 200. resorted to in most countries in which 

it occurs. To the crop Lathyrus sylvestris L, which is sometimes 
cultivated as a fodder in Central Europe, very great injury haB been 
reported on several occasions. In this case, it has been found that 
much benefit results from cutting the crop at an early stage, before 
oospores have time to form. The plant grows again from, the roots, 
and if the leaves have been carefully removed in the first in- 
stance, the new growth 'remains uninfected, since all the oonidia 
have perished and oospores have not had time to ripen. Spraying 
with Bordeaux mixture has a bo been found effective in limiting 
the spread. Such active measures do not seem to be called for with 
Indian peas. 

Besides the cropB mentioned above, many allied plants, inohiding 
lentils and various vetches, are abo attacked by this parasite. In India 
it has been found on Khesari (Lathyrus salivas L.) in the Punjab and 
probably abo occurs on lentils. The damage to these crops is slight. 
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Powdery mildew ( Erysiphe Polygoni DC.). — This is a much more 
serious disease of peas than the downy mildew. It is usually late in 
developing, reaching its maximum intensity when the peas are in pod. 
It is also worst in dry years, unlike the downy mildew which is favoured 
by moist weather. Besides peas, the same fungus attacks beans (both 
broad and French), urid, lucerne, coriander, fenugreek, turnips, and 
many other plants belonging to several different families. 

It is known in most parts of the world. Its prevalence in autumn 
in some districts of Britain 
haB caused the growing of 
late varieties of peas to be 
abandoned ; in the western 
United States also it is 
sometimes so destructive 
to late peas as to render 
their cultivation impossible. 

Early varieties are less in- 
jured, and at Pusa those that 
mature in Januaiy suffer 
little as compaied with the 
February and March crops. 

Field peas are seldom badly 
attacked in India. 

The fungus appears as 
white, floury patches on 
both sides of the leaves, as 
well as on the other green 
parts of the plant. These 
may cover large areas al- 
most continuously. They consist of the mycelium and oonidial stage 
of the fungus, the former being, as in most Erysiphace®, entirely super- 
ficial on the plant, sending only suckers (haustoria) into the epidermal 
cells. 

The mycelium is generally fine and persistent, rarely thick. The haustoria develop 
as outgrowths from lobed swellings on the side of the hypha next the leaf ; these are 
known as appressoria and seem to fix the mycelium to the leaf. The haustonum arises 
as an exceedingly narrow tube from the appressorium, which gonetrates the cell wall 
and sWells up into a rounded sao in the epidermal oell. 

The conidiophores arise vertically from the leaf and each bears several spores in a 
chain ) of these only the end one is mature, as they are formod in regular order from the 
tip backwards, and the ripe sporos fall off quiokly. The production of oonidia is so copious, 



Fia. 100. Powdery mildew of peas {Erytiphe Po- 
lygoni ) : leaf with white mycelium dotted with 
perithecia, nat. size. 
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as to give tlio surfaoo of the mycelium a characteristic powdery appearanoe. They are 
elliptical, barrel-shaped, orsometimos cylindrical cells, the last shape being oonfined to the 
forms occurring on certain host plants, not includ- 
ing the pea. They measure 25 to 35 by 13 to 10/u 
and are colourless and unioellular as in the other 
oidial forms of tho Erysiphace®. 

Later on, the porithecia appear as sharp black 
Mjjecks, scattered on the surface of tho white mycelium 
They are round, small (asually about 60/a in dia- 
— meter), composed of distinct polygonal cells, and 
with a variable number of “appendages,” hyphse 
which grow horizontally from the wall to a greater 
or less distance Those appendagos may be few m 
many, dark coloured or colourless, and free or intoi- 
wovon with one another or with the mycelial hyphffi 
They are soptato when coloured and are often 
angularly bont or flexed, but UHuully unbranchod 
Within tho ponthecium, a limited number of asci h 
formed, usually 2 to K These are usually ovate, 
nearly sessile, 46 to 72 by 30 to 45/a in diameter, and 
contain 3 to 8 spores. Tho spores are elliptical, 
non-septato, colourless, and measure 19 to 25 by 0 
to 14 Tho porithecia with their contained asei 
]wrsist in tho soil, which they reach from tho debris 
of fallen leaves, until the followup season, when 
they disintegrate sufficient h to lilxirate the Hjxire- , 
these th.ui germinate and infect the now crop. 



Fig. 101. Erytiph § Polygoni : 7, 
conidial stage from Anthria- 
cua aylvaatria , X 130 ; 2, haus- 
torium from Polyqonum avi- 
rufare , ' 225 ; 3. peiitheciura 
from pea, > 88 : 4, ascus with 
ascospores, X 130. ( 7 , ~ , and 

4 after Salmon.) 


Whon tho comdia germinate on a suitable host plant, tho gcnn-luho cai 1 \ develops 
an appressorium at its tip, and from this a haustonum is sont into tho underlying epidermal 
coll. With tho food supply thus tapped, the superficial hyph® continue their growth 
and develop new haustoria in constantly incroasing numliers us they spread. When 
germinated in wator ou a glass slide, the appressorium forms us soon as tho genn-tulie 
eomos in contact with the glass, but docs not attempt to give out a haustonum. Hence 
it is suggested that more contact with a hard substanco induces appressoria to form, but 
that some furthor stimulus (? nutritive) is necessary to promote liaustonum-formatum 


Experiments have shown that this mildow has specialised races on its different hosts, 
as in the grass mildew or the cereal rusts (p Cl) Tho form on Pmuni mfimnt 
(garden peas) has boon found to attack P. arvenne (field peas), but could not lie got to infect 
the other hosts on which it was triod. 


The treatment is hi mi la r to that of other powdery mildews (p. 146). 
A single application of sulphur dusted on the green parts has been found 
entirely to check spread. Spraying with Bordeaux mixture is also very 
effective. • 


Rust ( Uromycen Fabce (Pers.) de B.). — This rust is found in all its 
stages, spermagonia, aecidia, uredo, and teleuto, on peas, broad beans 
( Vicia Faba), and lentils in India (Fig. 14). In many other parts of the 
world it is common on these hosts but, in Europe at least, spermagonia 
and aeoidia seem to be rare on the first two and unknown on the last. 
The rust also attacks several allied plants, mostly weedH. 
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The fungus is found during the early months of the year in the 
Indo-Gangetio Plain, being most common on peas in Pusa, though in 
1911 it did some damage to lentils. 


Tho ossidial stage appears first. Spormagoniu accompany tho eeculinl cups, which 
may develop on all green parts of 
the plant, but on the leaves are 
chiefly on the under surface. Thoy 
appear in yellow spots, singly ot 
in round 01 elongated dusters. 

The poridium is short, whitish, cup- 
t-haped, and with an indented, 
i (‘flexed margin. The spur ih are 
round -angular to elliptical, yellow, 
with fine warts, and 14 to 2 2/a 
in diameter. 

The urodo son urn on lioth leaf 
-.inlaws and on the stem and 
l>ctioloft, often arranged in little 
circles, small, powdery, and light 
brown. The spores are round to 
ovate, light brown, spiny, with 3 or 
4 germ-pores, and mensim. 20 to 30 
by 1H to 2<i/a 

Tho teleuto soil am Mimlai but 
most often on tlio stem and of a 
darhot brown, almost black coloui 
Th*> spores am sub-globose, ovate, or 
elliptical, with tho apex rounded or 

flattened and tho wall darker and greatly thickened (up to I 1 /a thick) at this point. Tlun 
am smooth, brown, and 25 to 38 by IS to 27p. in diameter. The stalk is persistent on the 
lallon spore, pale yellowish- brown, thick, and up to 90/u. long. On germination, the usual 
4 -col led promycelium is developed fiom lh< tip and boars sjioiidia ns in tho cereal rusts'; 
but unlike tho latter those sporidiu luu e been found to infoct the same plant as that on 
which they wore borne, and then give rise to the aecidial stage. As fresh infections may 
continue to occur from tuuo to time the aieulinl stage may go on up to quite a late 
stage in tho life of the host plant. 



*HJ 102. 1’ea rust ( Uromycea Fable) /, uredo 
and teleuto sori, latter chiefly on stem, ' 4 : 
2, pod with a-cidial stage, X £ ; J, germ-tube of 
sporidium entering through cells of bean stem, 
< 200; 4, germ-tubn of trcidiospore entering 
through stoma, X 96: 5, same of uredospore, ■> 
96. (./ J after de Bary). 


Tho fungus has specialised raoes, most ot which seem, howevei, able to attack the 
pen The form oil lentils is apparently more ivstricted. 


The effect, of the attack is sometimes io cause partial defoliation, 
but usually the injury seems to be slight. Treatment is not called lor 
in India, so far as has been observed. Broad beans are said to^be 
sufficiently damaged to justify spraying in other countries, but there is 
little evidence that spraying is effective. Sulphur dusting against the 
polvdery mildew at Pusa, while checking the latter, had no marked 
effect on the rust, though it. was prevalent at the same time. If the 
peas or beans can be picked early, much of the teleuto stage may be 
destroyed by cutting and burning the crop before many leaves fall. 
This^willjreduoe the ohanoe of infection the following year. 
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In Europe, peas are attacked by a seoond UromyoeB, U. Pisi (Pers.y 
Winfc., which is heberoBoious, the ©oidial stage being found on Euphorbia. 
This speoies is not known in the East. 


BEANS : French ( Phaseolus vulgaris L.) ; Urid (Ph. Mungo L. var. 

Roxburghii Prain) ; Mung (Ph. radiatus L.) ; Moth (Ph. aconiti - 
folius Jacq.) ; Rangoon (Ph. lunatus L.). 

Powdery mildew ( Erysiphe Polygoni DC.). — Urid and mung are 
often attacked by this mildew in northern India and Madras, and it is 
known also on allied species of Phaseolus in other countries. As the 
disease has been described under peas, it need not be further referred to. 

Anthracnose ( Glomerella Lindemuthianum (Saco. & Mag.) Shear : 
= Colletotrichum Lindemuthianum Br. & Cav.; Glceos'porium Lindemu- 
thianum Sacc. & Mag.). — The bean anthracnose is known almost every- 
where that French beans are cultivated, and in northern India and the 
Nilgiris sometimes does considerable damage in gardens. 

It attacks all parts of the plant except the roots, from the primary 
shoot and cotyledons of the seedling to 



the leaves, stem, and especially pods of 
the mature plant. It is characterised 
by the appearance of black, rather 
sunken spots, with reddish or vellow% 
Blightly raised margins. These begin 
as small brownish or purplish specks, 
which enlarge radially and darken in 
colour, until they may reach a dia- 
meter of more than a quarter of an 
inoh. The infected tissues dry up and 
oollapse, leading to the depression of the 
centre of the spot, which, at this 
stage, especially in moist weather, be- 
comes pink and oily in appearanoe from 
the liberation of spores. The spots 


Fig. 103. Bean anthracnose ( oiom are usually round, but when two or 
aoe? vuli f'x* 245 ’ more coalesce may become irregular ; 
“t eo ^. d p , X ot on the stem, they may cover several 

after EdgertonO * ppre "" oria ’ ^ inches and oause the tissues to crack 
and rot away. On the pods, they are 


most distinct and on opening the pod are often found to have penetrated 


to the inside and to have reaohed the seed. Od the leaves, they are mostly 
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on the veins and petiole, on the lower Bide, and in young leaves may cause 
crinkling and distortion. 

Hie mycelium of the parasite is .localised in the tissues of the disooloured parts 
entering directly into the cells and rapidly killing them. The hyphts may penetrate 
right through the thickness of the pod wall and pass from its inner surface into the seeds 
inside, causing, as they ripen, the appearanoe of black, sunken spots on the surfaoe of the 
seeds at the points of infeotion. As the myoelium becomes well nourished, it accumulates 
in and below the epidermis, and eepecially between the epidormis and the outicle, raising 
up the latter into littlo pustules by the growth of a stromatio layer of fungal oells. Fiom 
the surfaoe of this layer, short, cylindrical stalks arise, densely crowded Bide by side. On 
the tips of these, the spores are formed singly, and by their growth the outicle is ruptured 
and the surface of the spot becomes covered with pink masses of spores, held together 
by a muoilaginous secretion. The earlier spores are said to be formed direotly on the 
hyphe near the surfaoe, the development of the stroma occurring lator. In some cases 
the circumference of each stroma is provided with stiff, erect hairs (set®), arising singly 
from the marginal oells, dark brown in colour, unbranched, and septate. These are never 
numerous and often entirely absent, and the oonidial stage was variously referred to the 
genera Cnlletotriohum and Glcsosporium, according to the presence or absence of these 
hairs, before its asoigerous form was known. Recent work has shown that the speoies 
of Gloeosporium which are lower stages „of the gonus Glomorella, cannot be kept distinct 
from CoUetotriohum, since the hairs which alone separate the two forms may be present 
or absont according to circumstances. 

The spore stalks (basidia) are cylindrical, hyaline, unbranchod, unseptate, and measure 
45 to 55ft in length. The conidia are hyaline singly, pale pink in mass, unicellular, varying 
from cylindrical to long oval m shape, with rounded ends, and sometimes very slightly 
curved They measure 15 to 19 by 3 5 to 5 in diameter and germinate readily in 
water after liberation, sometimos becoming divided by a median septum and even swelling 
up into a dumb-bell shape when germination begins. Each oonidium forms round it 
a sort of gelatinous layer which sticks the spores together ; hence they are not readily 
diasominated until after rain, the water dissolving out the spores and washing them 
down to the soil. This probably explains the muoh greater frequency of the spots on 
the lower surface of the leaves and other parts liable to be splashed by wet soil, although 
the upper surface is just as easy to inooulate artificially as the lower. It also explains 
why spread from field to fieild or across paths and the like, is not common. 

Germination usually cannot occur until the spores have been washed free from 
their muoilaginous bed; the germ-tube then grows out from near one end, less often 
from each end. When on the surface of the host plant, the germ-tube remains short and 
swells up at its end into a rather thick-walled, angular or roundish, brown enlargement, 
whioh is an approssorium of a less specialised type than that described in the Erysiphaoen, 
sinoe it has other functions than merely to seoure penetration of the epidermis. Unlike 
the latter, it is able to form a new hypha even when not in contact with the host and 
thus acts also as a ohlamydospore. From the appreseorium, a fine hypha arises on the 
side next the epidermis, whioh it pierces to ramify as a parasitio mycelium within the 
tissues. In outturn in water or on nutrient substances, these chlamydo -appressoria are 
freely formed not only on the germ-tube but also on the general myoelium ; oonidia of 
the normal type may also develop in these situations, as well as direotly on thf germinat- 
ing spore, being borne singly on short stalks. 

Feritheda have been obtained in culture. They are variable, globose to pear-shaped, 
with a very short or a long beak, usually sunken in the substratum, dark, and about 
960 to 300 by 100 to 200ft in diameter. The asci are cylindrical or enlarged above, 
thiokened at the apex, .up to about 70 /a long by 7 or 8/* broad, and with 8 spores, usually 
B, DIO 17 
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in (wo rows. The spores are cylindrical, curved, unicellular, hyaline or pale yellowish- 
pink (in mass), and 15 to 22 by 4*5 to 0 p- in diameter. 

Successful inoculations have been carried out by sowing the conidia on healthy pods. 
New spots may appear at the infected points in 4»or 5 days, or even, according to some, 
in 24 hours. Continued moisture for about a day after inoculation is neoessary to get 
the best results. There is still some doubt as to whether the present speoies is oapable, 
like most anthracnose fungi, of living on several hosts. Somo have claimed that it may 
be transferred to ouourhits, brinjal, and other plantB, but most workers have failed to 
inoculate anything but beans Pulses suoh as oowpea and val (Dolichos) are subject to 
an anthraonose in Lidia which cannot bo distinguished from that described above ; and 
though cross -inoculations have not been tried, they have been for the present assumed 
to be identical (Fig. 108). 

Carefully oouducted experiments, especially in the United States, 
have proved beyond all question that seed taken from diseased pods into 
which the fungus has penetrated so as to infect the contained beans, 
gives rise to diseased seedlings. The mycelium of the fungus, in these 
cases, reaches the seed coats, the fleshy cotyledons, and even the embryo. 
If kept dry, it seems to cease growth until planting time ; then, when 
germination occurs, it is carried up on the young shoot and resumes active 
growth, forming spores on the young stem and the cotyledons. These 
first-formed spores are washed to the soil and also pass to any of the new 
leaves that touch them. Spread is said to be chiefly by rain splashing, 
wind dissemination being of little account. All newly-developed parts 
of the plant may thus be infected in turn, if the atmospheric conditions 
are favourable to the parasite. Spread from field to field is slight and 
usually due to carelessness of the workers passing from one field to another. 
Iu some. places, experience has taught the danger of working in the crop 
on wet days, the spores being carried about on clothes and implements. 

Like so many other fungi that depend on moisture for successful 
infection, marked periodic variations in severity, depending on climatic 
conditions, are noticeable. Rain or high humidity when the crop is most 
actively in growth and also when the pods are forming, greatly increase 
the spread. The epidemic in the United States in 1906 followed a gradual 
increase, lasting through several years which were progressively wetter, 
and culminating in a very wet season in 1906. In each of the preceding 
years, a steadily increasing nfcmber of seeds were infeoted in their pods 
and, when sown, gave an increasingly large number of diseased seedlings. 
In the 1906 crop an average of 20 per cent, of diseased seed was found 
in a large number of examinations. In 1907, the season was exceptionally 
dry and, though most of the plants were spotted, the growth did not 
develop to any extent on the pods and the 1907 crop of seed was relatively 
free from the disease. Temperature is sometimes a controlling factor : 
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in the southern United States the disease is said to oease to develop when 
the mean temperature rises above 80°F. with the minimum above 70°F. 
Such temperatures are not, however, usual in the season when French 
beans are grown in India. 

The peritheoial form, which would serve to oarry on the fungus 
through the period when the host plant is not growing, is probably very 
rare in nature. Most of the conidia seem to be short-lived but some 
have been germinated suooessfully from infected seed a year old. 
Experiments seem to show that dried spores lose their vitality in about a 
month, but if between the cotyledons in the seed they probably escape 
.drying. The same may perhaps occur in the fallen debris of diseased 
plants in the soil ; but the evidence available indicates that the parasite 
is usually carried in the mycelial condition in the seed, as described 
above, and that early infection from spores is rare. 

Henoe the treatment is based on the elimination of all diseased seed. 
Attempts to do this by selecting for seed such beans only aB show no sign 
of spotting, have not been very successful ; apart from the labour of 
hand-picking the seed, it has been found that many beajis may be infected 
without external markings sufficient to enable them to be readily detected. 
On the other hand, diseased pgds can always be easily known by the spots, 
and if all spotted pods be discarded and seed taken only from suoh as are 
clean, the resulting crop will tend to be free from primary infection. In 
the United States, seed taken from localities where the disease is absent, 
or picked from only such pods as are quite unspotted, has been found 
to give a crop free from anthraonose. 

Several other methods of checking the disease have been advocated. 
Seed treatment by fungicides is useless, since the parasite is in the interior 
of infected beans and out of reach of the treatment. Spraying with 
Bordeaux mixture has given good results on a small scale, but when 
applied in the field, so many difficulties in reaching all parts of the plant 
have been encountered that it has proved ineffective in checking the 
attack sufficiently to be profitable. Burning the infeoted plants has been 
recommended in order to avoid any danger of the remains of diseased 
plants oarrying on the fungus to the next crop. For the same reason, it N 
is said to be unwise to grow beans on the same land in successive years. 
Resistant varieties of beans have been found and seem to be rather 
extensively grown in the United States but have not always proved satis- 
factory. It has been discovered that there are different Btrains of the 
parasite, and that a variety resistant to one strain may succumb to 
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another. In a given locality, the variety may preserve its resistance for 
some time, if the local strains of the parasite are not able to attack it ; 
but other strains may be introduced, through seedsmen for instanoe, and 
the variety fails. On the whole, therefore, no method gives such good 
results as the use of clean seed. 

The fungus has been found to attack the soarlet runner' (Phaseolus 
muUiflorus) and, to a less extent, Ph. hmatus (Rangoon bean). Whether 
the forms on other pulse crops are merely specialised races or distinct 
species is not known ; but the existence of separate races on the French 
bean itself points to the probability of there being a more extended series 
of specialised forms on allied hosts subjeot to similar diseases. 

Rust (Uromyces appendiculatus (Pers.) Lk.). — This fungus is para- 
sitic on Frenoh beans, mung, and urid, as well as on cowpea, val, and one 
or two allied weeds, in India. Like the pea rust, it is widely distributed 
in parts of the world where these crops are grown, but it does little 
damage on the whole, much less than the anthraonose just described. 

It resembles Uromyces Fabce in having all four stages on the same 
host. It differs chiefly in the characters of the tcleutosportf, which in 
U. Fabw is muoh thickened at the apex, while in U. appendiculatus the 
wall is of almost equal diameter all round, the apex being only marked 
by a broad, pale papilla. The teleutospore 6talk also is shorter in the 
present species. 

The point of 'attack is usually on the loaf, rarely on the stem and pod. Tho mycelium 

is localised near the seat of infootion and, 
like other rusts, occupies the spaces 
between the oells, only sending hauatoria 
into the cell cavities. The tecidial stage 
is not frequent and resembles that of 
V. Fabcs, except that tho spores are bigger, 
18 to 36 by 16 to 24/*, and often rather 
oblong. It is followed by the uredo son, 
which are usually found on the under 
surface of the leaves aB small, powdery, 
brown pustules. They are developed 
under the epidermis, which is ruptured to 
liberate the spores. The latter are round 
to ovate, light brown, spiny, with 2 germ- 
pores, and measure 18 to 28 by 18 to 
22 /*. 

Teleuto son appear later on, chiefly 
on the under surfaoe of the loaves, but 
also sometimes on the upper surfaoe. 
They form small, oompact, blaok warts 
which, on the upper surface, are surrounded by a yellow band. The teleutospoms are 
sub-globose, ovate, or elliptical, rounded at the apex which has a large hemispherical 



Fig. 104. Bean rust ( Unmyv** appmdiev- 
lahu ) : leaf of oowpsa with sori, x 4 ; 
uredo and teUutospores from oowpea, 
x 180. 
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hyaline papilla, smooth except sometimes for'a few small warts towards the top, chestnut- 
brown, and 24 to 85 by 18 to 25/u in diameter. The stalk is about equal to the spore 
In length. 

The toleutospores preserve their vitality in the soil dtbris until the following season, 
when they germinate and bear sporidia which infect the new orop. 

The remarks on treatment under pea rusfc apply equally here. 

The search for resistant varieties is promising, since one haB already 
been discovered in the oowpea. This is the variety known as “ Iron,” 
now extensively cultivated in the southern United States because it is 
the only kind which escapes damage from wilt and root-knot. 

Leaf spot ( Ckrcospora cruenta Saoc.). — This fungus was first des- 
cribed from the United States on a species of Fhaseolus or Doliohos, and 
has sinoe been recorded in America on Frenoh beans, Rangoon beans, 
and cowpea. In Italy it has been found on Dolichos eesquipedalis and 
in India on Frenoh beans, mung, and moth. A second species was sub- 
sequently described on oowpea in the United States as Cercospora Dolichi 
E. and E. and the common leaf spot of Doliohos in India has been identified 
as this. There is, however, no oonstant difference between the two and 
they are probably identical. Two other forms, C. canescens E. and M. on 
a cultivated Phaseolus and on Rangoon beans in the United States and 
on mung in China, and C. Vignw Rac. on oowpea in Java, are also 
probably the same as C. cruenta, which would thus appear to be a very 
widespread parasite. 

The leaf spot is found on both rains and cold-weather pulses, and 



Fig. 106. Bean leaf spot {(tovotpora ormnta ) : leaf 
of Frenoh bean with spots. X A ; oonidiophorea 
and contdla, x 00. 


attacks young and old plants. The leaves are marked with spots which 
are at first small and brown or red, then grey or brown in the centre 
with (on most hosts) a prominent reddish-purple border. The spots are 
usually angular, from being limited in their spread by the veins of the 
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leaf, and sometimes the centre breaks away, leaving a hole. Severe 
attacks oause the leaves to be shed and a good deal of injury may be 
caused by weakening the plant and checking the formation of pods. 
The stems are also occasionally attacked. 

The oonidiophoree emerge in clusters through the stomata. They are brown, septate, 
with knee-bends marking the insertion of fallen spores, as iB usual in the genus, and about 
50 to 100ft long by 4 to 6ft broad. The oonidia are borne terminally, but the stalk con- 
tinues to grow at one side so that tho spore is pushed over and falls off. They are variable 
in size, from 50 to 140 by 4 to 5 /a, elongated, tapering above, with 2 to 8 septa, straight or 
slightly curved, and almost oolourless. 

Different races of the host plants seem to vary in their susceptibility 
to the disease and probably the best way to reduce the damage is to 
develop disease-resistant varieties. The hardy “ Iron ” oowpea is 
relatively immune in the United States. Spraying and other direct 
treatments are not likely to repay cost. 

COWPEA (Vigna Catjang Endl.). 

Rust ( Uromyces appendiculatus (Pers.) Lk.). — (Sec p. 260.) 

Powdery mildew (Erysiphe Polygoni DC).— (See p. 253.)* 

Anthraonose {? Glomerella Lindemuthianum (Sacc. and Mag.) 
Shear). — The anthraonose of this crop agrees in general with that of the 
bean, but experiments are necessary before they can be pronounced 
identical. It is possible that the parasite may prove to be the more 
common Glomerella cmgulata (pp. 448, 512), there being no essential 
microscopic differences between the two. 

Die baek (V ermicularia Capsid Syd.).— A fungus agreeing with 
that which causes the die back of chilli (p. 352) has been observed at 
Pusa associated with dying back of the stems and shrivelling of the pods. 
Successful inoculations were obtained with the parasite from chilli on 
cowpea, val, tomato, and brinjal, showing that it has a considerable range 
of hosts. It is fully described under ohilli. 

Root rot ( Hypochnus Solani Pril. and Del. - Rhizoctonia Solani 
Kuehn ; and Rhizoctonia sp.). — The oowpea is attacked by at least two 
species of Rhizoctonia in India. Many other plants are subject to 
similar diseases but, as there is much confusion in the literature and 
nomenclature of Rhizoctonia, it is not yet safe to refer the majority of 
the Indian species to previously named forms. It is probable that 
there is little difference in the characters of the diseases caused by 
various species of Rhizoctonia and only the two fully studied on the 
cowpea need be referred to here. 
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The commonest form in India is one which produces small, blaok 
solerotia, which is known as a parasite of jute (Fig. 7) 3 cotton 
(Fig. 155), groundnut, 
oofrpea, mung, Rangoon 
bean, val, kuhhi, tomato, 
potato, brinjal, cucurbits 
such as Citrullus and 
Cucurbitaria, tobacco, 
lucerne, sesamum, and 
several other plants. 

On the oowpea, affected 
plants are found with the 
upper portion brown and 
withered, while the stem 
at the ground level is 
blackened. In the early 
stages of infection, a red- 
brown discoloration ap- 
pears on the stem and 
slowly spreads, causing it 
ultimately to become 
flaccid and collapse. At 
a later period, individual 

branches of the creeping 

, , . Fig. 106. Root rot {Hypochnus Solani and Rhlaoo- 

Stems may take the tonia): 1, snail solerotial Rhisoctonia on dead 

disease at any part, 
either by direct infection 
from the soil or by con- 
tact with a previously 
diseased part. In arti- 
ficial inoculations, the growing point seems peculiarly liable to infection. 

Soon after the blackening of the tissues is well established, great 
numbers of tiny, black dots oan be seen at the surface and in the outer 
layers of the tissues (Fig. 106, 1 ). These are the sclerotia characteristic 
of the fungus Rhizootonia. 

Mioroscopioal examination shows that the tissues of infected parts eontain, especially 
in the Cuter zones, numerous hypha ramifying in all directions. In the early stages 
these hyphss are found in the oortex, chiefly between the cells (Fig. 106, 8). Should the 
infection be strong, intracellular hyphss are speedily formed and the inner tissue* are 
penetrated. 


branon oi oowpea ; x, myoeitum ol same in outer 
cortex, x 190 ; 3 , hypha of same from cotton, X 125 ; 
4, early stage of sclerotiiim-formation of same from 
cotton, X 190; 6 , branching hypha of Hypooh- 
nut Solani, x 12S ; 6', anastomosis of two hypha of 
same, x 125 ; 7, basidium of same from oowpea 
showing four sterigmata, X 380 ; S, basidlospores 
of same and their germination, X 250. 
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The hypha are colourless when young and abundantly branched, the branches ' 
usually arising almost at a right angle from the parent hypha, then often bending rapidly 
to lie nearly parallel to it. At the base, the branch is usually oonstrioted and a cross wall 
ordinarily develops about lfyt from this point (Fig. 106, S ). The diameter of the main 
hypha is about 8 or 9/a and they are divided by transverse septa at distances of from 
60 to 160 /a. The older hypha, especially in artificial cultures, tend to turn brown ; at 
a late stage, large, brown hyphs composed of short, barrel-shaped oells develop. These 
also axe usually found at the beginning of solerotium-forraatkm. 

The Bolerotia usually appear as the tissues dry up. They are formed from a single 
hypha in whioh a large number of transverse divisions take place, so that a row of Bhort, 
barrel-shaped oells is produced, very rioh in oil globules. Some of these give rise to 
lateral outgrowths consisting of one or two cells, whioh grow parallel with, and adhere 
to, the side of the parent hypha. ' By the constant repetition of this process a mass of 
parenohymatolis oells is formed (Fig. 106, 4), which eventually beoomes the mature 
solerotium; there is some slight differentiation into cortox and medulla, the central 
colls being large and thin-walled, while the peripheral cells have a smaller lumen and 
thioker walls (Fig. 7). Mature solerotia are smooth, black, and measure about 100 to 160/a 
in diameter. They remain sterile so far as is known, no spore form having been found 
to develop on or in them. Their vitality seems to be variable ; it iH said that infected 
fields retain the fungus in the soil for as much as three years, and from their structure 
it is to be presumed that the solerotia keep their vitality longer than the mycelium. 
Cultures have been found alive after six months. 

In this species of Rhizootonia it is not known with certainty to what genus, or even 
to which of the great groups of fungi, the perfect stage, if one exists, belongs. No spore 
form has been discovered, but there is reason to believe from the similarity to the species 
next to be described and also from the occasional occurrence of “ clamp-connections ” 
in the hypha, that it is the Bterile condition of a Basidiomyoetous fungus, allied to 
Oortidum or Hypoohnus. 

Hypochnus ( Corticium ) Solani Pril. and Del. is the name applied to 
a second parasite of oowpea, whioh, in its most commonly found sterile 
condition, is a Rhizootonia with many points of similarity to the last. 

It has been found in India on oowpea, groundnut, potato, tomato, 
and Triohosanthes, causing a disease characterised by the withering of 
the whole or part of the attacked plants. Seedlings of oowpea can be 
readily infected on the stem and at the growing point, but in the field 
the attaok usually begins at the ground level. The infected parts turn 
a reddish-brown colour and the tissue beoomes soft, the whole plant 
finally collapsing. On older parts, the attaok may occur in any part, 
even on mature leaves, causing a withering in which the dried-up parts 
take a deep brown colour. 

At a later stage, a second form of growth is found on some plants. 
In these, the leaves and green stems are coated with a white layer. This 
is the perfect form of the fungus. 

The hypha of the parasite are found abundantly in the diseased tissues. They 
closely resemble those of the last species, being from 6 to 10/A in diameter and divided by 
transverse septa into cells 100 to 200/a long (Fig. 106, 5). The branching is similar to 
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that of the other speoiee and union of lateral branches from two hyptue sometimes occurs 
(Fig. 100, 0). Fine hyphw, such as are found in cultures of the other Rhiiootonia, arc 
not present in this species. In old cultures, the hyphw turn a reddish-brown colour. 
Mature hyphw often are formed of short, broad, somewhat triangular cells ; this is usually 
an early stage in the formation of a solerotium. 

The solerotia are much larger than in the last species, varying from 1 to 5 mm. in 
diameter. They are formed on the surface of diseased parts, stems, leaves, and pods. 
The young ones are visible to the naked eye as fluffy aggregations of hyphw, at first 
quite white ; later, the colour ohanges to brown and they become hard and compact. 
The mature solerotium oonsists of interwoven hyphw, originating by copious branching 
from a number of different hyphw, not from a single one only as is usual in the other 
species. The ultimate condition is the formation of a large uniform mass of parenchy- 
matous cells, without any differentiation into cortex and medulla such as is found in the 
other form. The solerotia remain sterile, no spores being formed on or in the hyphw 
of which they are oompdsed. 

In the second form of growth, the white layer on the surface of the leaves and green 
stems is found under the microsoope to oonsist of olosely interwoven hyphw of the usual 
Rhizootonia type. Where this layer is best developed, certain peouliar lateral branches 
can be noticed. These are short, olub-shaped structures, with a transverse wall some 
distanoe from the point of origin. On the swollen end are found two to four finger-hke 
processes (storigmata), each of whioh carries a single spore (Fig. 106, 7). The olub-shaped 
branches are typical basidia, proving the fungus to belong to the great group of the 
Basidiomyoetea. The spores are hyaline, oval, unicellular, and about 10 to 12 by 6 to 8/* 
in diameter (Fig. 106, 8). Under the basidial layer, the tissues are freely penetrated by 
hyphw of the type described above. 

That this spore-bearing form belongs to the Rhizootonia with laVge solerotia has been 
proved by oultures, eaoh type being capable of giving rise to the other. Apparently 
the basidial form is sfcriotly parasitic, as it has not been found possible to produce it m 
cultures on artificial media, or anywhere but on living plants. In the field, it is found most 
vigorously developed on those parts which are well shaded and also in damp situations. 
After the spores have boon shed, it wears off. 

Both these fungi are soil dwellers and oommenoe their attacks 
usually at or below the ground level. Both may occur together, and on 
this account they are often oonfused with one another. This is of little 
practical importance, as the same considerations in regard to lessening 
the damage caused by them apply to both. 

Treatment should aim at destroying the fungus in the soil, where 
it persists no doubt mainly by means of its resistant solerotia. It is 
probable that any direct attempt to rid the soil of the parasite is imprac- 
ticable under ordinary conditions of extensive cultivation, and should be 
restricted to experimental farms and the like, where small plots of 
improved varieties sometimes have to be guarded from loss. Naphthalene 
and sanitary carbolic powder seem to be effective in preventing attack 
but in some oases (jute) the former seems to injure germination, and 
preliminary tests should be made in any case where soil disinfection With 
this substance is necessary. 
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Probably the best means of oombating the disease is by a careful 
rotation of crops. The same considerations must guide us in this case 
as in the muoh more destructive Fusarium wilts. Bhisoctonia is not 
often truly epidemic, so far as experience in India goes, the oases being 
usually, sporadic ; but there is little doubt that want of proper cultiva- 
tion and rotation could easily induce severe attacks. On the other hand, 
the fungus, like most soil fungi, fares badly in the presence of a good 
oultivator. 

Experiments carried out at Pusa with strains of the small black 
form isolated from oowpea, cotton, groundnut, and jute show that with 
the first three, eaoh can attack the other two but the attack is usually 
less virulent than with their own strains ; the strain on jute cannot 
ordinarily infect cowpea, groundnut, or cotton at all. 

SOY BEAN ( Glycine hispida Maxim.), 
mildew ( Peronospora Trifoliorum de B.).— This fungus is 
well known in other countries as a parasite of 
clover and lucerne, but in India proper has only 
been found on Borne wild species of Melilotus 
and Medicago in the Indo-Gangetic Plain. In 
Kashmir, however, it attaoks the soy bean, on 
which it has also been reported from Formosa. 

The characters of the disease are similar to 
those of the downy mildew of peas (p. 251), 
the leaves bearing a grey violet, downy growth 
on their under surface, the upper surface being 
correspondingly bleached. Affected leaves 
wither and drop prematurely. 

The fungus agrees in its general characters with Ptro- 
nospora Vicice on peas. Its specific distinguishing charac- 
ters are as follows : — Conidiophores several together from 
the stomata, 300 to 450/a long, 0 to lift broad toward 
the base, branching 6 to 8 times near the top, the primary 
branches straight or but little ourvod, the intermediate 
Flo. 107. Downy mildew of branches more often ourved and diverging at a right 
soy bean (Parmmpora angle, the end branches lightly ourved or nearly straight, 
atg 1 *nart W *^ diverging at a right or obtuse angle, pointed and bearing 
conldlophore, oonidia, a oonidium at eaoh tip. The oonidia are broadly elliptical, 
and oospores. x 130. 18 to 24 by 15 to 18 /a, and pale violet. The oospores are 

immersed in the leaf, round, 24 to 31/a in diameter, and 
with a thick, smooth, light brown wall. 

A variety of the fungus has been described on the present host from Russian 
M&nohuria (P. Trifoliorum var. manskurie a Naoum-)- It is said to have oonidlophoras twice 


Downy 



PULSE CROPS : DOLICHOS. 


267 


as long as given above (240 to 900 by 7 to 9/a), with nearly round oomdia (21 by 1 fr/i, 
24 by 21/a, 27 by 24 /a), and largo oospores (36 to 48/a in diameter). Tho Kashmir fungus 
agrees more nearly with the normal type. 

Treatment has not been tried on soy beans. The destruction of the 
oospores by burning the debris of diseased plantB should be useful. 

VAL and KULTHI ( Dolichos Lablab L. and D. biflorus L.). 

Rust (Uromyce8 appmdiculaius (Pers.) Lk.). — (See p. 260.) 

1 Anthracnose (? Olomerella Lmdemuthiarmm (Saco, and Mag.) Shear.) 
(Fig. 108, 1 — 2 ). — (See under Bean (p. 256) and Cowpea (p. 262).) 



Fig. 108. Dolicbei anthraenoae ( ? QlctntrtUa LindmuiManum) 
and die baok (Vtrmicularia Captici ) : 2, anthracnose of stem, 

X i Mime, X 2 ; 3, die baok of atom, X 1 ; 4. aporodochia 
of VsrmietUatia Capsid ; 5, conldia of aame ana germina- 
tion, X 240. 

Die back (Vermicularia Capsid Syd.) (Fig. 108, 3 — 5.). — (See p. 352.) 

Root rot (Rkizootonia sp.).— (See p. 262.) 
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KHESARI ( Lathyrus § aiivus L,). 

Downy mildew ( Peronospora Vicics (Berk.) de B.).— (See p. 251.) 

Rust (Uromyces sp.). — The rust oi this crop appears to have been 
only onoe collected, at Dumraon, Bihar, many years ago. The specimens 
cannot be traced, so that beyond the statement that the fungus resembles 
the rust of gram (p. 271), with which it agrees fairly closely in 
mioroscopic characters, there is no further information available. It is 
evidently rare and of little importance. 

LENTILS (Lens esculenta Moenoh). 

Rust ( Uromyces Fabce (Pers.) de B.).— (See p. 254.) 

VELVET BEANS ( Mucuna and Stizolobium spp.). 

Rust (Uromyces Mucunce Rabenh.). — Velvet beans (Florida beans) 

have been introduced in several 
experiment stations in India, 
and at Pusa give a very heavy 
growth which, however, has 
been checked to some extent 
by the copious development of 
this rust. It was first described 
from Caloutta in 1878, and has 
since been collected on wild 
species of Muouna in several 
parts of India and Burma. 
More reoently, it has been 
found in the Philippines, Ceylon, and Formosa. 

Only the uredo-telento stages are known. The uredospores occur mixed with the 
teleutospores and are usually comparatively scanty. They are roundish, with dense 
pointed warts, almost oo lour less, and 18 to 22 /a in diameter. Curved, hyaline paraphyses, 
swollen at the top, accompany the uredospores. The teleuto son are on the under surface 
of the leaves, scattered in large numbers as deep brown or almost black, powdery, raised 
cushions. The spores are round or globoid, covered everywhere with pointed warts, 
chestnut-brown in colour, 18 to 22 /a in vertical diameter, 18 to 25 /a across, with a thick 
wall and a hyaline, longish stalk. 

No method of checking this disease is known. 

ORAM (Cicer arietinum L.). 

Blight (MycosphartUa pinodes (B. and Biox.) Niessl. - Asoochyta 
Pisi Lib.).— This fungus was reported as oansingmuoh damage to gram in 
the North-West Frontier Provinoe in 1911. In other countries it is e&iefly 



FlO. 109. Velvet bean rust (Uromycst MuSu- 
sub) : leaf of Stitoiobium DHringianum with 
son, X £ ; part of a teleuto aorus with two 
uredospores above, X 260. 
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known as a troublesome parasite of peas and oan also attaok vetches. 
The speoies on French beans, sometimes oonfused with it, seems to be 
distinct. Damage to gram has been reoorded in Europe and Canada. 

All the green parts of the plant are attacked, the symptoms recalling 
those of the anthraonose 
of beans (p. 256). Dark 
spots appear on the stem 
and leaves first, then on the 
pods. On the stem, they 
are oval or elongated ; on 
leaves and pods, round and 
up to half an inch across. 

When well developed, the 
margin is brown and the 

centre yellowish, withered, 
and studded with the tiny, 
dark fructifications of the 
fungus, often conoentrioally 
arranged. In bad cases, 

they may surround the stem, 

causing the parts above Fio. 110. Gram blight ( Mycoaphcerella pinodtt ) : 

to wither As the at+aelr affected pods and stem ; below, seotion of a 

to wrcner. as tne attack pycnidium of Awochyta stage. 

frequently begins at the 

ground level, this condition may result in the death of the whole plant. 
The young shoots near the tip are also very liable to infection and may 
be killed back. 

When the plant survives long enough to produce pods, the spots 
develop on these with great vigour. In this oase, as in bean anthraonose, 
the fungus penetrates into the cavity of the pod and reaches the con- 
tained seeds. Every stage may be found between that in which the 
seeds are altogether prevented from forming and that in which they 
mature successfully and are merely marked by a minute, brown patoh 
on the surface. In some oases, even the brown patch may be absent when 
the pod is opened and will only show if the seed be exposed to damp for 
some days. In other eases, the seed eoat is dried up and splits, exposing 
the folded ootyledons (seed leaves) below. Prior to germination, the 
fungus is often oonfined to the seed ooat ; but with the moisture during 
germination it renews activity and passes into the seed leaves, the young 
stem, and even the first roots. 
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The hyaline hyphs of the parasite are found in and between the oells of the tissue 
and numerous pyonidia are produced at the surface in the central, dead portion of the 
spots. The pyonidia are round or flattened, immersed in the tissues, and 100 to 200 fi in 
diameter, the individual oells of the wall being 5 to 7 fi across. Their oolour is reddish* 
brown, and there is a round mouth opening to the surface. The spores are hyaline (pale 
pink in mass), oblong, obtuse at the ends, with a median septum, and measure 9 to 20/u 
{usually 12 to 16) by 3 to’ 6 /a. Occasionally there are two septa. When young, there is 
no narrowing at the septum, but as the spore begins to germinate, it swells up and iB deeply 
constricted in the middle. As in the bean anthraonoso, there is a mucilaginous substance 
round the spores which assists in their expulsion from the pycnidium by swelling up 
when wetted, and fixes them in a orust around the mouth as they dry. On germination, 
one or two germ-tubes are put out (later, others ofton appear) and the young hyphau 
frequently anastomose. New pyonidia may appear in culture in about a woek. 

Tho ascigerous stage has been found to be not uncommon on tho old stemR and pods 
of peas attacked by this blight in the United States. It has not been seen in India. The 
perithecia are round, brown, 100 to 300/a m diameter, and sunk in the tissues exoept for 
the upper part, which forms a more or less elongated neck with an opening at tho tip. 
The asai are clustered at the base of the perithooium, measure 60 to 80 by 12 to 10/a, and 
are thickened at tho tip, which is provided with a pore through which the spores are 
liberated. The spores are 8 in each asciis, hyaline, elliptical -ovato, 2-celled. and con- 
stricted at the septum ; the upper cell is slightly tho larger and the ends rather obtuse 
They are 12 to 15/a long by 6 to 8/a broad. They germinate in much tho same manner 
as the pyonosporos, and tho mycelium from thorn may bear ripe pyemdia m 0 days 

Inoculations have been carried out on peas and show that both thg asoosporos and 
tho conidia cause typical spots to appear in about 5 days, and pyemdia very soon after. 
Species of Vicia are attacked with somo difficulty and French boans not at all or only 
so as to cause insignificant marks. 

The disease originates in the new crop in exactly the same way as 
bean anthracnose (p. 256). The germination of badly infected pea 
seed has been found to be from 6 to 20 per cent. only, but those slightly 
attaoked germinate better. The fungus passes up on the young shoot, 
which it permeates, extending even into the first leaves. The seedling 
may be killed or only stunted, but in either case may infect plants in the 
neighbourhood, if the weather is favourable to spore production. In 
addition to this, there seems to be good evidence that soil infection also 
occurs, probably from the ascigerous stage formed on dead parts of the 
previous crop and reaching the soil with the plant debris. It has been 
found that peas planted on the same soil for "two or more years in 
succession often suffer heavily, while two years’ freedom from a 
susceptible crop is enough to clean the soil. 

Hence the treatment should be exactly the same as that described 
above for bean anthracnose, with perhaps rather more attention paid 
to rotation. 

Gram is subjeot to another disease in northern India which might 
fa confused with some forms oi the present blight, but in which no spots 
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appear, the plants withering off uniformly. "It is a wilt disease, 
apparently allied to that of pigeon pea. 

Rust (Uromyces Ciceris-arietini (Grogn.) Jaoz. and Boy.). — The gram 
rust is common at times in India (Bengal, Bihar, Bombay, and Madras), 
but is very irregular in its appearance at Pusa, rare some years, abundant 
others. It is known also in Europe and East Africa. 

The rust appears first chiefly on the leaves as small, round or oval, 
cinnamon-brown, powdery pustules, which tend to coalesae. These 
ooour on both surfaces of the leaves, most frequently beneath. 



Fig. 111. Gram rust ( Uromyces Ciceiis arietini) : leaf, nat. size; part 
of uredo and teleuto son, x 375. 


Most of tho pustules are uredo son, which contain neatly round, kiownish yellow 
to cinnamon uredosporos, measuring 20 to 28p m diameter, with scattered, minute spines 
or warts, and 4 to 8 (generally 4) gorm-poros. Thoy remain capable of germination for 
at least a month. 

Tho teleuto son resemble the uredo son but are darker brown The spores are 
variable in shape, round, ovato, gr angular, with a roundish, unthickened apex, and brown, 
warty, or roughened wall Thoy measure 18 to 30 by 18 to 2 4fi and have a short, hyalin o 
stalk, from which the spore readily becomes detached. They are not easy to distinguish 
from the uredosporos, except in being somewhat longer and with only a smglo apical 
germ -pore. 

The life-history of this rust is unknown. No a>cidial stage has 
been found. Treatment is not practicable on present knowledge, but 
resistant varieties should be sought for. 

GUAR or CLUSTER-BEAN ( Cyamopsis psorafoides DO.). 

Mildew ( Chdiopsis taurica (L4v.) Salm. Erysiphe taurica L4v.). — 
The mildew of this crop occurs in Bombay and Madras, and the same 
fungus is known to attaok several other plants in vaiious parts of India. 
The number of its hosts is considerable but most are weeds, chilli, 
garlic, brinjal, fennel, and fenugreek, being the cultivated plants so far 
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found affected by it in India. It is widely distributed in south and 
central Asia, north Afrioa, and south and central Europe, but is lare in 
America. 

Unlike all the other members of the Erysiphaoete, this speoies at first is entirely 

endophytio. The sep- 
tate, irregularly swollen 
hyphtt are found in the 
earlier stages ramifying 
between the meeophyll 
oolli of the leaf. They 
are abundant just below 
the oells of the epi- 
dermis and ospeoially in 
tho sub-stomatal spaces, 
but extend also between 
the ooIIb of the spongy 
and palisade paren- 
chyma, sending small, 
round haustoria into the 
cells, except those of 
the epidermis. 

Fig. 112. Powdery mildew of guar ( Oidioptia taurtoa ) : leaf From this internal 

with white mycelial patches dotted with peritheoia, X § ; ^ 

conidiophores and oonidia (after Foex), the dwarf form in myeohun* oonidiophores 
centre above is from the superficial mycelium. are oariy sent up through 

the stomata to the ex- 
terior, singly or several in a bunch. Tho comdiophoro arises at or near the end of an 
internal hypha and is thin -walled, not rigid, septate, variable in length but often long 
(up to 700/*), and usually branched. The branching may be more or loss regular and 
each branch may end in a comdium ; or branches may ariso laterally from the stalk and 
spread indefinitely over the surface of the leaf to form an external mycelium like that 
of the other mildows. 

Conidia are formed at the ends of the conidiophore and its branohes, a single oonidium 
at each tip. A second one may develop after tho first has fallen. They are often very 
large, single-colled, cylindrical or irregularly shaped, hyaline, and measure 36 to 82 by 
12 to 28/* in diameter. These extremes of size are not all found on tho same host plant 
and the shape also varies to some extent according to the host : sometimes cylindrical 
spores with rounded ends predominate, sometimes ovoid or oblong with both ends rounded 
or with the apex narrowed to a point, while the middlo part of the spore may be swollen 
or constricted- The wall may bo quite smooth or (especially when old) rough with 
protuberances due to the breaking up of the epispore. 

Germination oocturs with tho production of a long germ-tube» which oroeps over the 
surface of the leaf and forms one or more lobed (or even shortly branched) approssoria. 
Similar appressoria are found on the superficial mycelium but haustoria are not developed 
from them and the fungus appears to be nourished entirely from the internal mycelium* 
Infection takes place by the entry of the germ-tube into the leaf, probably through a stoma* 

At a later stage, the myoelium accumulates on the leaf surface and resembles in appear- 
ance that of the other members of the Erysiphaoe® j large numbers of h ypJ* 
from the stomata to form an external, sometimes quite dense growth. Veryjrarely 
oonidiophores are produced by this external mycelium. They are much shorter than 
those from the inside of the leaf, measuring only 90 to 90/* and consisting of three or four 
oolle, of whiob the apioal alone become* a small, roundish, or oval conidium. From tire 
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external hypha, new branohee are again, at a later period, sent through the stomata to- 
feed in the inside of the leaf. 

On the drying leaves, the final or peritheoial stage of the fungus appears, arising on 
the superficial myoelium, when this has drawn largo stores of nourishment from the leaf 
oells. At this period, the myoelium is usually pretty dense and the peritheoia appear as 
blaok specks, immersed more or less deeply in it. They are large (up to about 260/t* in 
diameter), at first round, then oup-shaped from the falling in of the upper part, and 
furnished with numerous appendages or hyphe springing from the peritheoial wall. These 
are colourless or brown, more or less branched especially near the tip, interwoven, and 
rather short or sometimes oven absent. The peritheoium contains usually about 20 asct, 
which are large, cylindrical to ovate, usually long-stalked sacs, measuring up to 110 by 
25 to 40p>, and containing each two spores. The ascospores are variable in size, from 
25 to 40 by 14 to 22p but most often about 32 by \8fi, hyaline, unicellular, long oval, and 
somotimes slightly curved. 

Attacked plants are defoliated and weakened by the premature 
drying up and death of infected leaves. 

No doubt the parasite is transmitted from season to season by the 
peritheoia, which in this family do not break up to liberate their enclosed 
spores until the wall has gradually rotted away. The fungus is a lover 
of warm or dry climates and its endophytic habit of life is probably an 
adaptation to the hot, dry climate of the localities where it is most abun- 
dant ; such conditions must be unfavourable to the life of the more purely 
superficial species. 

Treatment does not appear to have ever been tried. There is reason 
to fear that the internal position of the fungus in the leaf during part of 
its life would militate against the success of the remedies usually employed 
to check the Erysiphace©, such as sulphur dusting and spraying with 
potassium sulphide. Spraying with Bordeaux mixture is likely to be more 
satisfactory, as it would tend to prevent the spread of the parasite to 
sound leaves and its peculiar adhesive properties should preserve the 
leaves from infection long enough to avoid undue weakening of the plants 
The sulphur remedies (except lime-sulphur) are more evanescent and 
unless they can kill the parasite outright, whioh b unlikely in this case, 
are of little value. 

Leaf spot (? AUernaria Brastncw (Berk.) Saec.). — Guar is some- 
times attacked at Fusa and in Madras by a leaf disease which appears to 
be identical with that of the BraBsioas (p. 300). No morphological 
difference can be detected between the fungi whioh cause the two diseases, 
and the characters of the spots are quite similar in both oases. There 
■ is as yet, however, no evidence that the damage to guar is as considerable 
as it often u to the Brassicas, and a full account i • postponed until we 
come to deal with the latter crops. 

B, DIO 
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CHAPTER VIII. 

VEGETABLES, ROOT-CROPS, AND OIL-SEEDS. 

POTATO ( Solarium tuberosum L.). 

Ring disease or bacterial wilt ( Bacillus solanacearum Smith). — 
This is the most prevalent potato disease in several parte of India, 
especially Bombay and Mysore It has also been recorded in the United 
Provinces, the Nilgiris, and probably Bengal. For some years after 1891 it 
attracted much attention in Bombay, but an accurate account of it was 
first published in Mysore in 1909. More recently, the same parasite was 
found to cause the tobacco wilt in Bengal, and as the technical details 
regarding the characters and life-history of the organism were worked 
out in connection with the latter crop, a full account of fhem will be 
reserved for the section dealing with tobacco diseases. The parasite is of 
almost world-wide distribution, being found either on potatoes or tobacco 
in the United States (where it was first described scientifically in 1896) f 
the Dutch Indies, Japan, and probably also Europe, South Africa, Ceylon, 
Malaya, Australia, and New Zealand, though the accounts are often too 
vague to permit of certain identification. 

The disease is easily recognised by the sudden wilting of the plant, 
the leaves hanging flaccid as if the stalk had been cut through. Usually 
a few lower leaves are first affected, but in a few days the whole plant 
dries up. The tubers show the symptom from which the name is 
derived. If cut through, a brown ring will be noticed, beginning from 
the point of attachment on the underground stalk and extending round 
more or less completely to the opposite side. The course follows the ring 
of vascular tissue which encircles the tuber a little way below the rind. 
On squeezing the tuber slightly, pearly drops of liquid ooze from the 
vascular ring. These consist of multitudes of bacteria in a slimy liquid. 

From the vascular ring, extension ultimately occurs to the rest of the 
tuber, which breaks down into a rotten pulp. In this stage many other 
organisms play a part. Hence the tubers from a diseased crop do not 
keep, and even mildly attacked ones have a bad flavour, so the crop is of 
little use. 
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The stem, roots, and tuber-stalks are also invaded by the bacillus. 
In the stem, the ring of vascular tissue which surrounds the pith is 
similarly turned brown, and the vessels are filled with the bacterial mass, 
which plugs them more or less completely and prevents the fulfilment of 



Fig. 113. King disease of potatoes (Baeillut tolanaoiarum) tubers showing- 
early stages of disease. (After Coleman). 


their proper function of conveying water to the leaves. That the wilting 
in not entirely due to this plugging, but also to the poisoning action of a 
substance secreted by the bacillus, has been shown by experiments 
described under tobacco. 

Pure cultures of the bacillus (which is fully described on p. 335) 
have been proved to be able to kill healthy plants, when inoculated into 
the leaves and leaf stalks by needle pricks, in from 2 to 4 weeks. The 
iuoculated leaf droops in a few days, followed by that immediately above 
or below it ; ultimately the brown ring of affected vascular tissue develops 
in the stem and at times also in the tubers. 

There appear to be two distinct methods of infection of the crop. 
The first is- by the planting of diseased tubers. If not too badly attacked 
to sprout, the bacteria spread from the seed tuber to the shoot This may 
happen with tubers from a diseased crop even though they do not show 
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the brown ring on cutting, from which it appears that the bacteria may be 
present (probably in small amount) without causing any clear symptoms. 
Secondary spread takes place from such primarily infected plants, and 
is facilitated by the water currents when irrigation is practised. 



Fl0. 114. Ring disease of potatoes {Bacillus solanaosartm ) . the plants in pot 
no riff ht (except one on extreme right) have been inoculated with pure 
the bacillus. Thoee in pot on left were not inooulated. (After 

Coleman). 

the disease spreading along the rows more rapidly than across them The 
second method of infection is from the soil, when it has become con 
taminated by having had a diseased crop of potatoes (or probably also 
tobacco or tomatoes) previously. Infection in this way probably takes 
place through wounds in the roots or base of the stem, these being very 
frequent owing to the occurrence in the soil of organisms, such as nema- 
tode worms, which attack underground succulent parts. In the United 
States, it is also stated that insects which prey on the leaves of diseased 
plants can spread the infection, but Indian observations seem to show 
that no great amount of disease is started in this manner. 

From the above, it is clear that certain measures can be taken which 
will effectively reduce the disease. Only such potatoes should be used 
for seed as have been grown on a plot which has been quite free from 
disease* It is not enough to discard any showing signs of the brown ring, 
though when cut setts are planted, naturally nbne with discoloured fHth 
should be used* Fields that have had a diseased crop should not again 
be planted with potatoes for some years. The exact length of time 
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required to purify the soil is not known. Probably it is equally unwise 
to grow tobacco, tomatoes, or brinjals on infected land. If these two 
measures are' taken, the disease is certain to be greatly diminished. 
Small holdings in the intensively cultivated tracts, and difficulties in 
fencing, levelling, and the like in the hills, are obstacles to a proper system 
of rotation, but should not prove insuperable once the benefits are 
demonstrated and co-operation amongst the villagers developed. There 
is a great opening for useful work of this sort in potato-growing tracts 
where the villagers have been organised for co-operation, especially in 
the supply of clean seed. 

To dimmish the rot in tubers from a diseased crop, it is recommended 
to dig them early and dry thoroughly before storing. They should be 
kept in a cool, dry place, after removing all that look suspicious. If 
possible they should be used early and they should never be kept for 
seed. Rotting ceases below 8°C. (46°F.), so that in some of the hill 
districts it should not be serious. 

With regard to cultivation and manuring, little work seems to have 
been done on the potato in connection with this disease, but the recom- 
mendations given under tobacco wilt (p, 337) should be consulted. The 
natural checks due to the high temperature of the Season following the 
potato harvest are probably in great measure responsible for the com- 
paratively little damage done by this disease in the Indo-Gangetic Plain, 
and there is reason to believe that their efficacy can be much increased by 
hot-weather cultivation. Drainage is also important, as the disease is said 
in the United States to be worse in fields subject to water-logging. 

There are few diseases of plants in India, and certainly none of the 
potato, which can be more readily checked by measures within the 
reach of any good cultivator and merely dictated by ordinary common- 
sense, if once the cause of the damage be clearly understood. 

Blight (Phytophthora infesUms (Mont.) de B.). — The potato disease 
known as “ blight/* “ late blight ” or “ Irish blight," first attracted 
general attention in Europe in 1846. For some years previous to this, 
references to potato diseases in several countries can be found : in France, 
Belgium, and Germany, in 1840 and 1841 ; in Norway, Denmark, and the 
United States in 1841 and 1842 ; in Canada and Italy in 1844. In 1842 
also there was published at Munich a scientific account of some diseases 
of the crop, amongst which many think that the characters of the present 
disease cm be traced, Perhaps, however, the first really trustworthy record 
of its appearance was at Iitge in Belgium in the same year. By 1844 
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it waB doubtless firmly established in a number of centres in Europe 
and North America. In 1845 a terrible wave of epidemic disease swept 
the potato fields from Norway to Bordeaux and from Poland to Canada, 
reaching in several countries to the height of a national calamity. It 
was seen in Jersey at the end of June, in Belgium early in July, in England 
(Isle of Wight) about the middle of August and by the end of that month 
scarcely a sound tuber could be found at Covept Garden market. In 
Ireland it was noticed in the last week of August and rapidly developed 
in intensity unequalled in any other country. When it is explained 
that the potato was estimated at the time to be the staple food of 4,500,000 
of the people, the magnitude of the disaster in sight can be realised. In 
1846 it was worse if anything, in 1847 milder, but bad again in 1848. 
The great famine which followed the disease in Ireland has left its mark 
to the present day ; the population of eight millions in 1841 had lost a 
million by death and emigration by Ihe next census in 1851 ; the 
impoverished country was unable to support even these reduced numbers 
and the stream of emigration then started, and which has only recently 
slackened, has left Ireland with less than one-tenth of the total inhabi- 
tants of the British Isles where formerly she claimed nearly one-third. 

In 1845 it was already suspected that the disease had reached 
Europe from America, and it was stated to be well known at Bogota in 
the Northern Andes. In after years it was found at Quito on several 
wild allies of the potato. As this is the area from which the cultivated 
potato has come, it is not unlikely that it was also the home of the para- 
site. Its spread would be checked by the tropical regions bounding it 
on all sides for, as will be seen below , the fungus is unable to survive a 
high temperature for long. With the advent of quick transport bv 
steamships between 1830 and 1840, and perhaps helped by the growing 
use of ice at sea, the prospects of safely traversing the tropical zone w r ould 
be materially increased. Whether North America (as seems probable) 
or Europe was first invaded is not known, but once northern latitudes 
were reached subsequent dissemination would offer no difficulties. It is 
significant in connection with the theory of South American origin that 
the potato crop in the island of St. Helena was ravaged by a disease for 
several years prior to 1844, which, from the description, was probably this 
blight. Though statements to the contrary were made at the time, there 
is no real Evidence that Europe was reached prior to 1840, and little that 
the blight occupied more than a few restricted 'areas from 1842 to 1844. 

Subsequent spread has been so complete that probably every potato- 
growing country with suitable climate is infected. Australia was long 
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thought to be immune, but in 1909 the disease was reported m every 
State of the Commonwealth * The history of the introduction and 
spiead of the disease in India is given on p. 129 above 

The first sign of disease above ground is the appearance of small, 
brown patches on the leaves, which, in suitable weather, increase rapidly 



Fio. 110. Potato blight (Phyiophthora in/utaru) appearance of diseased 
leaves and tubers. 


* The earlier record, according to which the disease was seen m New South Wales 
as far baok as 184a, ih not convincing Onoe it has appeared in a particular area it 
seems to persist unless the olimate is so hot that it oannot survive ,* this is not the ease in 
Australia as a whole, though it would readily aooount for the disappearance of the disease 
from particular localities for a time 
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in size so as often to involve the whole surface. Extension to the stalk 
quickly occurs in bad cases, and the entire crown may fall over in a rotten 
pulp in a day or two. The influence of the weather is most marked. 
In dry, clear weather, successful infections are limited in number and 
the resulting spots remain small, brown, and dry, while the stems may 
escape altogether. In warm, muggy weather, with few periods of sun- 
shine, and ground fogs or heavy dews, the colour rapidly changes to 
black, the rot is wet, the stems are quickly attacked, and a pronounced 
smell of decaying vegetable matter is given ofl and beoomes one of the 
most marked features of the disease. The wet rot and smell are due in 
great part to secondary organisms, especially bacteria (butyric and 
others), which rapidly invade the killed tissues. 

On the under surface of the leaves (occasionally also on the upper) 
the fungus forms a whitish haze, consisting of the fructifications emerging 
from the interior of the leaf. This growth is scanty or even absent in 
dry weather, and dense but often evanescent on moist, cloudy days. 

The underground parts, especially the tubers, are also affected. 
Sometimes the attack is confined to them, and cases have been described 
in Australia where there were no decisive symptoms above ground but 
the tubers were found well infected. It is said that in the great majority 
of Australian cases it is in the tubers that the disease has been detected, 
though in especially wet, muggy weather, the above-ground parts are 
characteristically involved as well. The effect on the tubers (apart 
from the natural secondary effects of diminution in size and number 
when the green parts are early damaged) is a dry rot, which does not 
soften the tissues but causes rusty brown markings just below the skin 
and extending inwards for a variable distance in an irregular fashion, 
while the surface of the tuber is marked by corresponding depressions, 
due to collapse of the underlying cells. In dry soils, nothing more than 
this may result, and with proper methods of storage, slightly infected 
tubers will remain unaltered until next planting season, when they may 
give sound or diseased plants according to circumstances. In damp, 
heavy soils, however, a wet rot is frequently set up, due to the secondary 
action of putrefying bacteria and the like, and many of the tubers .decay 
completely before harvest. Both these forms of rot may spread from 
diseased to sound tubers and cause losses during storage, but the wet rot 
is the more frequent and destructive, as the parasite fructifies on the 
surface of the tuber most readily in damp air, and the organisms of wet 
rot which follow seem also to be more active under humid conditions* 
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The myoelium consists of branched, hyaline hyph», 4 to 8 a* in diameter but varying 
from place to plaoe aooording to the sise of the intercellular spaces they oooupy. 
There is no regular septation but, as in most allied fungi, the old parts .of the mycelium 

and also the base of the oonidi- 



Fig. 116. Phytophthora infwtant : 7, section of leaf 
showing myoelium and conidiophores ; 2, haua- 
toria in leaf, X 775 ; 3, sporangia before and 
during germination showing formation of 
soospores ; A oospore. [1 and 3 after Ward, 4, 
after Pethybridge and Murphy). 


ophore after the sporangia form, 
often have irregularly developed 
and spaced cross walls. Only 
haustoria enter the cells. In the 
tubers, they are oommon and easily 
seen, simple or branched, finger- 
shaped, olavate, or roundish, and 
often surrounded by a cellulose 
sheath, formed by the- cell proto- 
plasm in an attempt to shut off 
the parasite. In the leaves, the 
haustoria are muoh harder to 
detect, filiform, and seldom pro- 
vided with a sheath, while in the 
stom they seem to reserablo those 
of the tuber. The walls of cells in 
contact with, or near, the hyphre 
turn brown and ohange in chemi- 
cal composition, the protoplasm is 
m part turned brown, in part 
destroyed, and the starch is slowly 
dissolved and replaced by sugar. 

The conidiophores arise direotly 
from the internal myoelium and 
emerge through the stomata in 
little groups of up to 5 together, 
or sometimes through or between 


the epidermal cells. The stalk is rather slender (about 10/4.), not rigid, and branches above 


into 2 to 4 branches of variable length (up to 1 mm.) Sporangia are formed at the 
tips of the branches while they are still short, but growth continues just below the spore, 
which is pushed over to one side and usually falls off. At each point where growth has 


thus been renewed there is a little nodular swelling in the stalk, and there may be 9 or 10 


such swellings on a branch. 


The sporangia are ovoid or lemon-shaped, colourless, and measure from 22 to 32 by 
10 to 24/*. When sown in water, the apox becomes papillate and zoospores are usually 
produced. The oontents of the sporangium segment into as many polyhedral, umnuoleate 
masses of protoplasm as there are to be zoospores, oach provided with a central vacuole. 
The papilla then bursts and the zoospores emerge fully formed, though sometimes two 
or more may adhere for a time. After a few seconds’ rest in front of the opening, they swim 
off by means of two motile, oar-like cilia, and in from a quarter of an hour (at high 
tempecaturee) to 24 hours (at low temperatures) settle down, become quite brand, surround 
themselves with a oellulose wall, and soon germinate by a germ-tube. Many spores 
may germinate directly by a germ-tube from the apex, especially such as are old, not 
fresh, not immersed in water, exposed to high temperatures, or sown in organic solutions ; 
but the normal method is by zoospores. The germ-tube may soon bear a secondary 
sporangium or may infect a suitable host and give a parasitic myoelium. The spbies 
•re disseminated by wind, water, and possibly insects or other animals. 

Oospores were long unknown, but have been found several times during the pint fair 
years as a result of improved methods of artificial culture. They have not yet been 
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found in nature. Unlike the similar bodies previously known, the antheridium develops 
before the oogonium, the latter arising on a hypha which penotrates the antheridia! cell 
from side to side. It swells up as it emerges, so that the antheridium surrounds the stalk 
of the oogonium like a collar. Fertilisation occurs doubtless, as in the allied Ph. erythro • 
neptiea, by the passage of a nucleus from the antheridium into the base of the oogonium. 
The oospore averages about 30/a in diameter and lios loosely in the oogonium, which is 
pear-shaped or almost spherical and 31 to 40/a across. The oogonial wall is smooth and 
reddish-brown, that of the oospores also smooth but colourless and up to 4/a thick. In 
many cases, no antheridium is formed, the oospore then developing parthenogenotically. 
Germination has not been observed. 

In artificial cultures, too, it is not uncommon to find certain eells cut off, usually at 
the tips of liyphse, which are probably of the same nature as the chlamydospores found 
in allied species (soe p.* 14). They are irregular in shape, often roughly pyriform. 24 to 
38/a in diameter, with a thick, pale amber-ooloured wall, and dense, oily contents. They 
have not been observed to give now hvphse. 

Infoction ooourti through any part of the epidermis of the leaves and stem, not merely 
through tho stomata. Even the corky rmd of the tubers oan be penetrated by the germ- 
tubes, especially in immature tubers The under surface of the leaves is more readily 
attacked than the upper. New fructifications may appear in 4 or 5 days on the leaves 
and in 16 days on the tubers, but are not common on the latter exoept in very damp air 
or when tho nnd is abraded. Besides direot infection by moans of spores shod on the 
Boil and washed down into contact with the tubers, some hold that the mycelium muy 
travol down inside the stem to tho underground parts ; in othor cases it is said that the 
tubers are infected by spread from the seed-tuber, even when the aboveground part- 
remain healthy. But it is certain that the infection usually occurs from Spores shod 
from tho leaves 

Temperature lias u strong influence on germination nnd infection, the lxwt temper 
ature for both being between 10* and 13°C . though the mycelium, germ-tubes, and coni- 
diophores grow best about 22° to 25 °C. Gormination by zoospores ceases below 2°C' 
and above 23° to 2fl°C. Germination bv a germ-tube is scanty below 1()°C , most frequent 
about 23°C\ and coasos near 30°C. The living mycelium in the tuber can bo killed by 
exposure to 40°C. dry heat for 4 hours or 30°f\ for 05 hours This is from European 
investigations but in Australia it was found that 4 hours at 49°C. (120°F.) were required 
The tubers are not injured for seed until the temperature exceeds ISO^F. In moist heat 
in Australia, sporangia developed at 31 °C , but in dry heat, none were formed above 27 °r 
It is possible that these figures would not bo strictly correct for India, but it has been 
found at Pusa that neither the mycelium in the tubers nor the fungus m pure culture can 
long survive the temperature of the laboratory in tho hot weather, when it ranges from 
30° to 3U°C. Hence there is little fear of the disease becoming endemio in the plains. 
Neither light nor oxygen seems to influence germination. 

Ab the sporangia only retain their vitality for about 3 weeks (much 
less if dried), and as resting spores have not been found in nature, 
the persistence of the disease from year to year requires explanation. 
It cannot be said that an entirely satisfactory picture of the manner in 
which the yearly attack originates has been offered ; but it is conclusively 
established that the mycelium in the tubers survives in many cases 
without causing great damage, and on planting ia able to renew its active 
growth and may pass into the tissues of the young shoot, growing with 
it and fructifying on its surface above ground, if the weather conditions 
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are suitable. At the same time, it is well known that diseased tubers 
give quite sound plants or else fail to sprout altogether, in the majority 
of cases, and so various additional explanations have been offered. It 
is possible that the mycelium survives in the soil or in rotting d6bris of 
the plant until the next season, especially if the thick-walled cells above 
described (from cultures) are formed in nature ; oospores may also occur 
and have merely been overlooked (though the search has been long and 
thorough). It has been stated more than once that experience has shown 
that potatoes grown in soil which bore a diseased crop the previous year 
suffer more than others, yet attempts to furnish exact experimental proof 
of soil infection have failed. All that has been established is that tubers 
from the old crop may bear spores, if exposed to the air and kept moist, 
the following year. It seems difficult to avoid the conclusion that the 
disease is sometimes started in this way. The chief difficulty in accepting 
these explanations as sufficient is one already discussed in a similar 
connection in wheat rust ; the disease does not usually appear until the 
plants are from 2 to 4 months old, indeed it is rare until they have 
finished flowering, whereas if the above views were correct we would 
expect it m the young plants. The factors here concerned have 
probably to do with variation in the degree of resistance of the host 
at different periods of its growth, or the influence of external conditions, 
such as temperature and moisture, on the development of the fungus. 

The chief predisposing causes are excessive humidity of the air and 
a suitable temperature. The very moist climate of much of Ireland has 
established that country as one of the heaviest sufferers. In 1879, for 
instance, the loss was estimated at £6,000,000. In the United States, 
the endemic area is in the north-east only, the rest of the country being 
either too dry or too hot for it. In Australia, late planting in certain 
districts has enabled the moist season to be avoided and the disease has 
consequently been reduced. In South Africa, it was severe near Cape 
Town in October 1909, but it disappeared as if by magic when the dry 
south-east wind set in in November. In India, the connection with 
temperature and moisture of the two Bengal outbreaks has already 
been discussed (p. 129). 

"Where the mean temperature exceeds 77°F., the disease is said to be 
unknown. It has frequently been observed that epidemic outbreaks 
are likely to occur when unusually cool weather sets in at the critical 
period. A fall to below 60°F. is very liable to start an attack. This is 
due to increased germination of the sporangia and not to any increased 
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susceptibility of the plant. After infection, the attack develops most 
rapidly if the temperature rises towards the optimum for mycelial growth. 

Over-manuring has been frequently blamed for severe attacks. 
This effect appears to be confined to nitrogenous manures such as farm- 
yard manure, phosphates and potash rather increasing the resistance 
of the tubers. Over-irrigation was blamed in Bengal in 1902, very 
possibly with justice as in some places water was given every 6 days. 
In South Australia also, irrigation, once the disease has started, is said 
to intensify the tuber rot. 

In the Khasi and Nilgiri hills, two crops are usually got in the year, 
the second being largely for seed. The same land is often used year 
after year in these 'tracts and in Bengal. If soil infection occurs, it is 
obvious that such practices must favour the disease. 

The advantage of early or late sowing depends entirely on the local 
meteorological conditions. In 1902, the late-sown potatoes were most 
damaged in Bengal, in 1912, they almost escaped. This was appa- 
rently connected with the January-February temperature and humidity. 

Since tuber infection takes place largely from spores shed on the soil 
from the leaves, tubers near the surface are most frequently attacked. 
Hence covering them by deep ridging, shortly before flowering time, has 
been advocated. The soil is heaped up round the base of the plants to a 
depth of 4 or 5 inches. The practice undoubtedly lessens the tuber rot 
but it has been found not to pay, as the yield is diminished. Since this 
is probably due to increased loss of water by evaporation from the ridges 
there would be less objection to it under irrigation, than where the crop 
is rain-fed. With the heavy rainfall of some of the hill districts it might 
also be profitable. 

Since the tubers can be infected at any age and whether the skin is 
sound or abraded (though more readily in the latter case) there is obvious 
danger of infection occurring while the crop is being lifted, if diseased 
tops, bearing spores, are still present. Hence early digging is often unwise. 
In Hew England it is recommended not to dig until a week after the death 
of the tope, except on low, heavy soil in exceptionally wet seasons, when 
tuber rot spreads rapidly and early digging is necessary. In Ireland, 
farmers are advised to dig as soon as the tops have no green left. 

Losses in storage are not likely to occur in the plains from this 
fungus, as the high temperature kills it in the hot weather. In the hills 
there is no definite information, but as the storage seasons ate reversed, 
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the low temperature of many hill tracts may check spread. A medium 
high temperature is the worst ; thus in America tubers from a diseased 
crop lost 79 per cent, after two months storage at 70°F., 53 per cent, at 
55°F.rand only 17 percent, at 40°F. Drying the tubers before storage 
is advantageous and so is a free circulation of air in store. The use of 
lime and disinfection with formalin have proved useless. 

It is clear from experience in the two Bengal outbreaks that if hill 
or other infected seed be used in the plains, it should be got in fairly 
early and exposed for a month or so to the heat of the late rains. If for 
any reason this cannot be done, it is better to use seed from Bombay or 
some other disease-free area. 

Spraying to check potato blight is probably more widely employed 
and gives more satisfactory results than with any other field crop disease. 
Not only is it a routine practice in the intensive cultivation of such favour- 
ed places as the Island of Jersey, where high profits permit of lavish 
expenditure, but in the poverty-stricken districts of the west of Ireland 
nearly 10,000 sprayers were supplied by the Agricultural Department 
to the potato growers in the 6 years ending 1914. At the Vermont 
Station in the United States, the average gain for the 20 years ending 
1910 was 64 per cent. (105 bushels per acre) above the non-sprayed plots. 
Part of this was due to checking other pests. The average gain in New 
York State from thorough spraying (5 to 7 times) is calculated as a result 
of 10 years’ extensive experiments to be somewhere between 50 and 100 
bushels. Under farm conditions the profit was about Rs. 60 per acre. 
These were with Bordeaux mixture. In Ireland, with simpler methods 
and less frequent sprayings, the average increase from 6 years experiments 
was 1 ton, 14 cwt. (nearly 50 maunds) with Bordeaux mixture and 2 tons, 
10 cwt, (70 maunds) with Burgundy mixture. The only records in India 
are from the Khasi Hills, where the frequent rain makes the operation 
less certain. On a small scale in 1906 the increased yield from plain 
Bordeaux mixture was at the rate of 50 maunds per acre, yielding a 
profit over the cost of spraying of nearly Rs. 50, while with resin- Bordeaux 
the increase was 64 maunds and the profit over Rs. 60. 

Spraying should commence before the disease ordinarily appears, a 
period which can only be determined by experience in each locality. In 
the United States, it is begun when the plants are 6 to 8 inches high and 
is xsepeatedevery 10 days or fortnight, as many as 6 sprayings being often 
advised. In Ireland, they begin about June and spray again in 2 or 8 
weeks, giving a third spraying later on in wet seasons. 
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Burgundy mixture seems to be preferable to Bordeaux in many 
places, and should be used in India if there is ai\y doubt about getting 
good lime. The instructions for its manufacture are given on p. 143. 

The quantity required per acre for each spraying of an average crop 
in Ireland is about 100 gallons, but with less foliage (as usual in India) 
a smaller amount will do. The cost varies according to the price of the 
materials, but has always proved slight in comparison to the gain, in 
localities where blight is prevalent, and ought not to reach 25 per cent, 
of the added profit. 

The variation in susceptibility to blight shown by different kinds of 
potatoes has long been known (see p. 122). The production of disease- 
resistant varieties is a specialised art and, as the successful sortH rapidly 
become available to growers, need not concern us. The experience with 
English potatoes in the Khasi Hills is not, however, quite satisfactory. 
Resistant varieties have been found to maintain their superiority for 
a few years only, after which they succumb as readily to blight as any 
others. 

A 

The parasite occurs on a number of other Solanaceous plants, the 
only one of economic importance being the tomato. The disease in this 
crop is sometimes of equal severity to that in the potato, which it 
resembles in all important respects. 

Several other species of Phytophthora are known to be able to grow on 
the potato, but only one has been found to cause a disease of the crop 
under natural conditions. This is Phytophthora erythroseptica Pethybr. 
which is said to be closely allied to the fungus which causes the “ kole- 
roga ” disease of the Areca palm in South India. It has not been found 
attacking the potato crop in India. 

Leaf blotch (Cercospora concors (Casp.) Sacc.). — This leaf disease 
is not uncommonly confused with blight (Phytophthora) but is far less 
injurious in its effects. It was described in Germany many years ago, 
and has recently been found in several other parts of Europe and also in 
the United States. In India, it has been seen in Bengal, Bihar, and 
Bombay and is of regular occurrence in places (as at Pusa) where 
Phytophthora is not known. 

The attack causes light green, roundish spots to appear on the leaves, 
at first usually on those near the ground. Hie spots are not sharply 
limited and gradually turn greenish-yellow, yellow, and finally brown. 
They are up to $ inch across when fully developed, but may coalesce into 
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larger patches. Their under surface is ultimately covered with a grey- 
violet growth, the fructifying stage of the parasite. 

The hyphee are intercellular, colourless, and with rather scattered septa at lirut, 
then turn grey-brown and form 
short, barrel-shaped or roundish 
cells with oily contents. It is pro- 
bable that tliis last form is a more 
durablo condition, capable perhaps 
of living ovor in the soil, after the 
leaves disintegrate, until the new 
crop appears. 

The oonidiophoroN arise clued} 
from the intornal mycelium, 
emerging in clusters through the 
stomata of tho under surface of 
the loaf, less often above. They 
are grey, sparingly septate, 40 to 
7.1/* long by 7/* broad, and some- 
times branched, the branches 
being short, curved, and mostly 
from one side. As in most other 
members of this genus and of 

snob allied forms as helminthos- T 

, „ . . , , Flo. 117. Leaf blotoh of potato (Ctrcospora cou- 
pon um, the hrst spore is terminal, cort ) : leaf with blotohei, X g; oonidiopborea 

but growth continues from below and conidia (after Lagerheim and Wagner), 

its insertion just as in Phytoph- 

thora, t hi* position of tho earlier spoil's being marked by an abrupt bend or “knoo.’* 
Hence the upper part of tho eonidiophoro has a gnarled or knotty appearance. Sterile 
hvphae also come through the stomata and give rise to a superficial mycelium on wliich 
erect, oonidiophores may be borne. 

The conidia are colourless or very faint grey, elongated, straight, or slightly curved, 
narrowed above but expanding again slightly just at tho tip. and divided by 1 to 4 
(usually 3) sopto They measure 12 to .10 by 5 to 6/* 

The affected leaves gradually turn yellow and dry up, with the result 
that the growth of the tubers is checked and the crop may be materially 
reduced. The attack occurs at the same time as Phytophthora, when 
the crop is about full-grown and the tubers are forming. In India 
it has not been observed to do much damage. 

The treatment recommended is spraying as for blight. Unless the 
latter disease were also present it would probably not pay in India. 
•Our climate seems to be too dry, at least in the plains, for the parasite 
to develop freely. Varieties are said to differ greatly in their liability to 
this as to other potato diseases, but there are no observations on this 
point in India. 

Early blight (AUermria Solani (E. & M.) Jones and Grout). — 
Unlike the true blight, this disease has gradually increased in severity 
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in the 25 years or so since it was first considered as of economic impor- 
tance. It seems to have originated in the United States, as all the earlier 
records are from there. It is now known in practically every part of the 
world, from Canada to New Zealand and from Japan to South Africa. In 
this country it occurs in the Indo-Gangetic Plain and the Nilgiris. 

The attack usually begins shortly before the tubers commence to 
form, two or three weeks earlier than the 
common blight. It continues to develop 
until harvest, so that both blights may 
co-exist. Rather small, isolated, pale 
brown spots appear, scattered irregu- 
larly over the leaf, often mostly at the 
tip and margins. As they grow, they 
become irregularly circular and show 
concentric, narrow, darker lines following 
the outline, which remains sharply de- 
fined. These characters distinguish the 
spots from those caused ^y Phytoph- 
thora or Cercospora. The older spots 
are dark brown, dry, and brittle but 
do not usually break away. Several 
may unite, but increase in size is slow 
and general infection, such as occurs 
with Phytophthora, is not found. The 
intervening parts of the leaf fade and 
there may be considerable curling from 
F “ (ilLwrtr'ita l«f irregular shrinkage of the tissues as they 

•SdoISU e °"‘ dia ( * £twJon “ dry up, but death is slow and the 
whole plant never collapses from wet 
rot. Usually, only the older leaves are affected unless the plant is 
weakly or, attacked by Phytophthora or insects, when all may be 
involved, especially in the 'neighbourhood of local injuries. In the late 
stages of severe attacks, the stalks turn yellow and dry up. 

The effect on the crop may be considerable, as the attack often 
coincides with the period when the developing tubers throw a strain on 
the nutrient resources of the plant. He tubers are not directly attacked 
and are never rotted, but they remain small, immature, soft-skinned, 
difficult to keep, and deficient in starch* Losses of 50 per cent, have been 
recorded in America, but in India the damage is generally much bee.. - 
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The mycelium consists of light brown or greenish hyphae, running in and between 
the oells at the spots. Conidiophores emerge through the stomata or between the killed 
epidennal oells, and are scattered over the dead oentre of the spots, not the living margin*- 
They »*e about 60 to 90/a long by S to 9/a broad, septate, somewhat curved, and enlarged 
at the tip to a cup-shaped head on which a single spore is borne, rarely two near together 
The oonidia are very variable in shape but mostly very long bottle-shaped, the neek 
much attenuated and sometimes half the length of the whole Bporo, and the base slightly 
narrowed. They measure 146 to 370 by 16 to 18/a and are divided by S to 10 transverse 
septa, some of the broader compartments being sometimes further divided by a longi- 
tudinal wall. The lower part is brown, the neck almost colourless. In very vigorous 
cultures, ohains of two (perhaps more) Bpores are sometimes found, bnt not on the leaf 
where spore production is usually scanty. A form with almost cubical spores also occur* 
in England but further work is necessary to establish its identity with the true 
AUer naria Solam. 

Germination can take place from any oell of the spore, the germ-tubes entering 
the leaf both through the stomata and directly into the epidermal cells. New spots 
appear in from 3 to 6 days. If the leaf is kept very moist or has been injured by Phyto- 
phthora or leaf-eating insects, infection occurs more readily. Old hits of potato leaf 
infested with the myoehum will give a new mycelial growth even after a year and cultures 
8 months old have been found still alive ; the spores also will germinate when a year okl 
though not after two years. Hence the disease is readily perpetuated from season t<» 
season. Of recent years, some English mycologists have given evidence that the mycelium 
roaches the tubers and hibernates in them, just as with Phytophthora, though there i* 
not any suoh need of this special way of surviving, when the crop is off the land, as in the 
latter case. 

The disease is not dependent on atmospheric humidity to anythin/? 
like the extent blight is. It spreads rapidly under relatively dry 
conditions and is only checked by severe drought. It is said to be much in 
evidence in Australia on light, sandy soils. Apart from this, anything 
that tends to lower the vitality of the crop favours the disease, as the 
fungus (unlike Phytophthora) belongs to the group of “ weak ” parasites 
(of low virulence) which do little damage to plants in their fullest vigour. 
It is claimed in New Zealand that growth for several generations on 
leaves killed by Phytophthora entirely destroys the virulence of the 
fungus, but it is not certain that the experiments were not partly carried 
out with the saprophytic allied species, mentioned below, which cofn- 
motily occurs on the same spots. 

Spraying has yielded excellent results in the United States, where 
alone, at present, active measures seem to be called for. The procedure 
is the same hs against .Phytophthora but the first application should be 
two or three weeks earlier. 

There is great danger in neglecting rotation where this disease is 
prevalent, owing to the pronounced vitality of the mycelium and spores. 
Potatoes are often grown year after year in the same land in Bengal, and' 
even two crops a year in the Khasi and Nilgiri hills. Ifchasl>een observed 
v, Dio 
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in similar cases that the disease gradually increases. Clean removal 
and burning of infected tops at harvest is strongly recommended 
for the same reason. As tomatoes are also attacked, they should 
not follow potatoes in infected areas. If the mycelium hibernates 
in the tubers, as stated in England, clean seed from a disease-free 
crop should be used. Some varieties are said to be less damaged 
than others and their use might be extended. 

As with all other parasites that prefer weakened plants, high culti- 
vation, heavy manuring, and anything that stimulates the crop, lessens 
its liability to attack. 

In several accounts of this disease, a second species of Alternaria 
(A. fasciculata (C. & E.) Jones and Grout), which commonly co-exists 
with A. Solani on the spots, has been confused with the latter. It can be 
readily distinguished by the fact that its spores frequently occur in 
longish chains on the leaf, A. Solani only rarely forming short chains in 
culture. A. fasciculata is saprophytic and seems to occur frequently 
on dead or dying plant tissues, having received a number of different 
names on different plants. Both forms seem to occur also on ’The tomato 
and to have been indiscriminately referred to under the name Macros - 
porium Tomato Cke., a fungus to which one of the tomato fmit rots has 
been attributed. No successful attempts to produce this disease have 
been recorded, while there have been many failures, due possibly to using 
the saprophyte for the inoculations. At the same time, A. Solani has 
been proved to attack the leaves and stem of the tomato and it seems 
likely that it can also attack the fruit. 

The fungus is also found on some other allied plants, as Dhatura 
{Datura Stramonium ), Hyoscyamus mger, Solanum nigrum , and Solatium 
- Commersoni . 

Root and tuber rot {Hypochnus Solani Pril. & Del., Rhizoctonia 
destruens Tassi, and R. sp.). — The potato is attacked by the same two 
species of Rhizoctonia as have already been fully described under cowpea 
(p. 262). A third distinct form, which has been identified as R. destruens , 
causes a disease of the growing crop at Poona and a rot of Stored tubers 
in Bihar. 

Rhizoctonia destruens attacks the growing crop at and below the 
ground level, the parts becoming covered by a weft of hyph® with 
sclerotia. The tissues are rotted and the leaves dry and turn brown. 
The tubers usually appear sound, though reduced in size ; but cases have 
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been observed of infection without outward signs through the attachment- 
to the parent stem, and this doubtless accounts for the storage rot, 
In the latter, the tubers are softened and have thick, white strands of 
mycelium and brown sclerotia on the surface. 

The hyphee are like those of the other species but have a tendency to unite in strands. 
Clanap-oonneotions are numerous. The solerotia are light brown on the surface, white 
inside, with a distinct cortex, round or nearly so, and 1 to 2 mm. in diameter. They are 
sometimes stalked and occasionally united in clumps. No perfect stage is known, 

Inoo ulationa on tubers suocoeded always if the tubers were wounded and sometimes 
also through unwounded eyes and lenticels. 

The parasite attacks wheat, leutilff, groundnut, lucerne, betel pepper, 
Delphinium, and several other plants. There is no evidence of specialisa- 
tion on the different hosts * 

The treatment has already been discussed (p. 266). The tuber rot 
can probably be reduced by dipping the tubers into corrosive sublimate 
solution of 1 part in 1,000 parts of water, or formalin 1 per cent. The 
former iH only safe for seed potatoes, making the tubers unfit for food. 


THE BRASSICAS AND ALLIED PLANTS. 


Cabbage (Braaaica oleracea L.) 


Rax (Branded juncea Core.). 


Cauliflower (Braaaica oleracea L. var. 
botrytia). 


Black mustard (Braaaica nigra Koch), 


Turnip (Braaaica camj>eatria L.). 

ARSON ( Brassica camped ri* L. var, 
Saraon Prain). 

Tori* ( Braaaica Napa a L. var ilichotorna 
Prain). 


Cabbage-leaved mustard ( Broaden rugoaa 
Prain). 

Du an (Erwa aaltva Mill.). 

Radish (Baphanua aoXicua L.). 


White rust ( Cystopus candidm (Pers.) L4v.). — This disease is found 
on a number of cruciferous plants throughout the world, its hosts including 
the turnip, cabbage, cauliflower, radish, horse-radish, mustard, cress, 
rape, and many weeds. In India, it has been found on turnip, radish, and 
duan, and it is probable that this list will be extended on further 
observation. It is not confined to the Crucifer®, occurring on Cleome 
(Capparidacese) in India and on other members of this order elsewhere. 


All parts of the plant may show the symptoms of attack except the 
roots, the parasite appearing on the surface of the leaves, stem, and inflor- 
escence as prominent white pustules, very variable in size and shape /and 
often confluent. Marked swelling and distortion of the attacked parts 
often results, especially in the inflorescence, as in the radish. In these 
oases the axis of the inflorescence, and the flower stalks, may be 
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enormously thickened, up to 12 or 15 times the normal diameter, while th 
floral organs become wholly or in part swollen, fleshy, green or violet iu 
colour, and persist instead of the petals and stamens falling early. The 

petals may become 
like sepals, and the 
stamens leaf-like or 
occasionally like the 
carpels (seed leaves). 
The latter may be 
open, while the ovules 
are usually atrophied, 
as are also the pollen 
grains and thus sterility 
ls caused. The pus- 
tules of the parasite 
are usually developed 
oil the swollen paits ; 
when absent, a second 
type of reproductive 
body, the oospores, i* 
generally found hidden 
within the swelling. 

The leaves are not 
often greatly modified. 
On some hosts, how- 
ever, those found on 
totally infected stems 
may be thickened, 

Fio. 119. White nut ( Cytloput Candidas ) and downy fleshy, pallid, and dls- 
mlldew ( Psronospora parasitica) of £ruca saliva, , .. _ 

showing hypertrophy of stem and flower, x tortea or lnrollea . 11 

the infection is partial 

or not intense, there are usually only scattered pustules on the under 
surface or, less often, on both sides. Sometimes the leaves are reduced 
in size over all or a part of the plant. In these general infections, the 
whole plant may be dwarfed and form no flowers or only imperfect 
ones. 

The stem swellings may be confined to a small area, sometimes on 
one side only, the other being unaltered. In other cases, the whole stem 
is uniformly swollen for a length of several inches. Sharp bends, some- 
times angular, sometimes in a spiral, ate often found at the swollen areas 
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In mauy infected stems, the small buds in the axils of the leaves which 
normally do not sprout, grow out into lateral branches some inches in 
length. 

In the flower stalks, the same general type of hypertrophy occurs. 
When the stalk is much swollen the flowers may be entirely arrested in 
their development, or all the floral organs may themselves be hypertro- 
phied in a regular manner. Not infrequently the stem and flower-stalks 
are unaltered and only the flowers are attacked. 

In the flowers, sometimes only a single sepal is hypertrophied, some- 
times only the ovary, but usually all the organs are swollen and turned 
green or violet. Occasionally they throw back to the spiral arrangement 
found in more primitive plants. The sepals may be immensely increased 
in size and thickness, often deeply concave on the inner surface, and 
sometimes provided with cylindrical or flattened appendages near the 
base. The petals are also enlarged, vary much in shape, and sometimes 
have sepaloid characters. The stamens are usually greatly altered 
being thickened into a club-shaped body in which the anthers are repre- 
sented by an oblong, grooved, green mass, or transformed wholly, or the 
anthers only, into small, leaf-like structures. Ifl some hosts, the stamenB 
are less affected and may even bear pollen in a portion of the pollen-sac, 
the rest being sterile ; occasionally supplementary pollen sacs are formed. 
Of more interest is the appearance of stigma -like structures at the tip and 
rudimentary ovules on the margins of certain altered stamens, which thus 
come to have the characters of carpels. The pistil itself may be enor- 
mously swollen into a conical, thick-walled sac, or transformed into a 
-couple of carpellary leaves, borne on a common stalk. In the former 
case ovules may be formed, but they remain sterile and dehiscencp of the 
fruit does not occur. 

The internal effects of the parasite are of interest. In hypertrophied leaves, the differ- 
entiation of the leaf-parenohyma into palisade and spongy tissue is lost, all the oells of the 
mesophyll being aliko and twice or three times the ordinary size. In thickened stems, 
the increase is due to a modification of the cortex into a tissue of large, thin-walled cells 
with few intercellular spaces, sometimes formed merely by the enlargement of the 
existing layers, sometimes by the development of new layers through division of the 
cortical cells. In some hosts (oress) the oells of the endoderm and pith also multiply by 
division. The thiok-walled sclerenchyma between and over the bundles is altered to a 
thin-walled parenchyma like that of the cortex. The cambium of the bundles retains 
its activity longer than the normal and the new elements are somewhat longer ; Radial 
bands of parenchyma also ooour in the xylem. In those bundles found in the spigoting 
lateral shoots, it has been observed that only spiral and a few pitted vessels am found* 
with little or no lignified tissue between, and a general absenoe of secondary thickening 
of the oells. Between the bundles, an interfasoioular cambium may also continue to 
form new parenchymatous elements. The epidermis increases both as regards size and 
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number of its cells, and the number of stomata is augmented. In the thin-walled paren- 
chyma, especially in the outer layers, chlorophyll and starch aro oopious and, in addition, 
there is often a reddish-violet pigment in the cell sap in the neighbourhood of the oonidial 
beds and the oogonia. Staroh may bo also found in the oamhium, endoderm, pith, and 
“ther parts in which it is usually absent. In the branches of the infloresoenoe, the same 
general changes are found. 

The mass of the hypertrophied parts of the flower consists of parenchymatous tissue 
like that already described in the infeoted b terns. The cells are very much enlarged and 
the number of layers is increased, intercellular spaces are few or absent, and chlorophyll 
and starch usually copious, even in the petals and stamens. The nucleus of these cells 
is very large and occupies the middle instead of lying against ono of the walls. It i-hows 
a tendency to beoome lobed and evon to divide into several fragments, each provided 
with a nucleolus. In all the organs, the number of fibro-vasoular bundles may be increased 
by the development of numerous accessory bundles, and the individual bundles may also 
be enlarged by the prolonged activity of the oamhium. The new tissue consists chiefly 
of vascular elements and radial bands of parenchyma, the fibrous part being roduetd 
Special cells containing an aromatic substance known as myrosine are often found in 
abundance, whereas in normal plants they are sparse. The pollen sacs and tho spiral 
cells of the anthers may be replaced by chlorophyllous parenchyma. Tho epidermis is 
altered, losing the differences which are observable in healthy plants between tho epider- 
mal cells of the two surfaces. Stomata become more numerous. Both the number and 
size of the cells may lie increased ; sometimes they contain chlorophyll, ahront in normal 
plants ; so also hairs may develop where ordinarily there are none, as in the anthers ; and 
stomata may appear m tho petals, which may further lose their opideftttal papilla*. 
Even more remarkable is the change in tho inner epidermis of tho swollen ovary or fruit, 
which hecomos transformed from a layer of very long, narrow cells, with walla of equal 
thickness all round and without stomata, to a layer of large, irregularly polyhedral colls, 
only the outer walls of which are thickened, and which is broken by numerous stomata. 
This layer seems to serve as a water-storing tissue. 

It will lie seen that the tendency throughout is to a lossoning of the differentiation 
of tissues, particularly such as are secondary. Further, there is a similar tendency to 
reduce tho differentiation of organs. Thus petals come to rosomble sepals ; petals, stamens 
and carpels show leaf-like characters ; and stamens become liko carpels oven to tho extent 
of being provided with a sort of Btigraa at tho tip and rudimentary ovules < n tho maigins. 
Internally, the general result is the development of a nutrient tissue of a more or less 
constant type, resembling that already described in the maize galls caused by Vatilayo 
Zees, in all thoso parts of tho host plant where the parasite is about to form its fructifica- 
tions. This tissue is rich in starch, partly formed in situ through tho agency of the 
chlorophyll with which the nutrient cells are often provided, partly carried in frem other 
parts of the plant, as is suggested by the increase in the vasoular system. Up to a certain 
point the accumulation of food supplies in tho nutrient tissue is more than sufficient to 
counterbalance their consumption by the parasite. LAter on, however, usually when 
spore-production starts, the parasite consumes more than the host can manufacture. 
The result is the depletion of tho nutrient oells and Their consequent oollapee and death. 
This is marked by the diying up and turning brown of the infected parts and sometimes 
by complete disintegration of the soft tissues. 

The hypJus are unseptate and spread exclusively between the oells of the- parenchyma, 
especially that fnodifled as already described in the hypertrophied organs but also in 
other parts of the plant, even those that seem outwardly sound and unaltered. Numerous 
very small, spherical or knob -Shaped hanstoria are sent into the nutrient cells, often a large 
number into each cell. These haustoria appear to. remain functional for a short time 
only, and then degenerate. They do not disappear after death but merely lose their 
protoplasm and usually become oovered by a layer of cellulose, which forms a circular 
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ooat entirely cutting the haustorium off fiom the cell protoplasm. This layer is formed by 
the activity of the "protoplasm, in the same manner as the sheaths found enclosing the 
infection hypha of Uatilago Ztas in maize. The haustorium itself, after penetrating (lie 
cell wall, does not grow into the cell for any distance, nor dees it rupture the protoplasmic 
layer lying on the inside of the wall, merely pushing the latter before it into a concave 
depression. Until a late stage in development, the cell dees not suffer. Its aotivitieN 
are even, in many oases, stimulated by the influence of the parasite, as is indicated by 
the increase in size, division into new cells, and formation of chlorophyll and starch where 
usually there is none. 

Branohes from the internal mycelium now collect below the cells of the epidermis, 
into which quantities of haustoria are sent. From these 
hyphee, whioh remain distinct and do not form a pseudo - 
parenchymatous stroma as in the rusts, the sporangial beds 
arise. These are formed by the vertioal growth of broad, short, 
club-shaped sporangiophores under the epidermis, which is 
raised up into a blister, separated from the cells below by tho 
layer of sporangiophores. The latter are free from each othor 
laterally and are veiy thick-walled, especially towards the 
base. They measure about 35 to 40 by 15 to 17 /a. Tho 
opidermal cells next undergo a change which results in an 
increase in size, accompanied by great thickening and gelati- 
nization of the wall all round, and softening of the middle 
lamolla separating tho cells. When moist weather follows, 
they swell and rupture along the softened middle lamella, 
exposing the sporangial bed. 

The sporangia are formed in baBipetal chains, the first- 
formed being closely pressed against the still unruptured 
epidormis. This spore is not capablo of germination, and 
its apex, which is rather closely united with the inner wall of the epidermis, is provided 
with a cellulose thiokonuig. Its function is probably to aid in the alteration of tho 
epidermiB which ultimately results in the rupture of the latter. The chains of sporangia 
thus exposed to the outer air break up into their individual elements. This occurs by 
tho solution of tho jointed neck between oach pair of sporangia, which is formed of a disk 
of a substance known as cal lose, capable of undergoing a chemical modification which 
renders it easily soluble in water. In dry weather the loosened sporangia are diBsemi- 
nuted by ourrents of air. They are round, hyaline, with uniform thin walls, and measure 
12 to 18/a in diameter. 

The germination of the sporangia ooours if they are completely immersed in water 
while fresh, and is limited to about six weeks after formation. The apex keoomes drawn 
out to a rounded papilla, and a few large, irregular vacuoles appear in the protoplasm. 
After a timo, these become quite spherioal and discharge to the outside. Then the whole 
oontents segment into as many polyhedral fragments as there are to le zoospores. Each 
of these is provided with a oontraotile vacuole. The zoospores, of which there may be 
from 4 to 8, separate from one another and escape to the outside one by one, or sometimes 
in adherent groups, or the whole mass may be emptied into a sort of bladder formed by 
the swelling of the beak, as occurs in Pythium. They remain in front of the opening 
for a few minutes, during whioh the cilia appear and movement begins. They then swim 
off in all directions. They are of the usual Foronoeporaceoue type, flattened ovate to 
kidney-ehaped and with two cilia from the flat or oonoave side. They come to rest after 
a time, surround themselves with a cell wall, and germinate by a germ-tube, whioh is 
capable of entering through the stomata of the ootyledons, leaves, and probably young 
inflorosoenoe and developing into a parasitic mycelium within suitable host plants. Tho 
germination of the sporangia is olosely dependent on the temperature. High temperatures 
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are unsuitable, the maximum being about 25°C. Low temperatures both increase 
the rate of germination and cause a greater number of sporangia to liberate zoospores. 
About 10°C. is the beet. The time required varies from about 2 to 10 hours, but 
■occasionally 1 b only 45 minutes. Light seems to have little effect. 

Oospores are formed in abundance in some hosts and in some localities, in others 
-they are rarely found. They oan generally bo. most easily obtained from hypertrophied 
parts of the stem and inflorescence, occupying the nutrient tissue sometimes in great 
numbers. They are not uncommon in tho leaves of some hosts, as in the common weed 
■Cleom viacoea in Delira Dun. They are always formed inside the host, and the swollen 
parts containing them may bear no sporangia! beds ; this is particularly noticeable m 
■cress and turnip. In the latter plant, cases have been recorded where search in many 
individuals has revealed oospores only in tho swollen pistil in a few cases and these boro 
no sporangia. 

The oogonia are roughly spherical, about 50 to (#> in diameter, and with a single 
•elavate and much smaller antheridium. After fertilisation, a wall appears, cutting off 
the outer zone of protoplasm from the rest of tho oogonial contents. The outer part is 
the periplasm, the inner becomes tho oospore. The wall of the oospore thickens, turns 
brown, and is provided with low, blunt ndges, often branchod and sinuous in outline. 
The mature oospore measures 40 to 5 f/u. in diametor It germinates when immersed 
in water after a period of rest of several months, long before which it has usually been 
cast into the soil. The exospore ruptures by an irregular crack and the endospore is 
pushed out into a thin bladder into which the contents of the spore pass, having first 
segmented into a number (up to 100 or more) of polyhedral masses, jij^ft as in tho 
sporangium. [In the bladder they separate, develop two cilia, and begin to move in an 
irregular, jerky fashion. Soon the bladder wall dissolves and the zoospores swim 
off in all directions. They are exactly liko those from tho sporangia in character And 
ultimate behaviour, and thoro is no doubt that many of the early attacks in annual 
plants are due to infeotion by zoospores from germinating oospores left in tho soil, or in 
plant d£bns from the previous seasons' crop. 

It was formerly believed that infection by Cystopus Candidas is only 
possible in the majority of cases through the cotyledons (first seed leaves) 
and that the older leaves and stem do not allow the fungus to enter. More 
recent experiments show that there is no marked difference in the sus- 
ceptibility of leaves and cotyledons in several plants. The young tissues 
of the inflorescence seem to be very readily attacked, and often bear 
pustules when the vegetative parts below are not infected. Two types 
o! infection, a general and a local, may probably be distinguished. In 
the first, the whole plant may be stunted and sporangial beds develop 
all over the leaves, stem, and inflorescence, the fungus spreading 
through all the plant. In the second type, only a single flower may be 
attacked; and the existence of the cases noted above where one 
sepal alone is hypertrophied, probably depends on localised infection 
of the flower bud. Entry can only take place through the stomata in 
■all cases. 

There ifl still Bums uuuut m now uu idle tunus iuuiiu uu lunwww 
hosts are specialised races, similar to those already referred to in the 
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cereal rusts. The form on radish has been found to be able to infect 
other species of Raphanus, and also white mustard and cabbage less readily ; 
with the latter host not 1 per cent, of the infections succeeded. On the 
turnip, cress, and some other hosts, no infection was obtained. Another 
observer found that the form on turnips infected cabbage and its varieties 
as well as other plants ; while that on the weed Arabia aljoina infected 
9 other plants belonging to 6 genera, but failed on radish, mustard, and 
cabbage. As, however, it is often difficult to secure the conditions proper for 
infection with this fungus, the negative results are not cf absolute value. 
The positive results show that specialisation is not of a very high order. 

Cystopus candidus , when it occurs alone, does not often do much 
damage. Frequently, however, it is associated with the downy mildew, 
Peronospora paralitica, and instances are known of considerable injury 
resulting from the combined attacks of these two fungi. Sometimes 
white rust has been recorded as causing a good deal of damage in cabbage 
and its varieties. 

Treatment is not usually called for, except when the downy mildew 
is also present, when the measures recommended below under that head 
may be taken. 

Downy mildew ( Peronospora parasitica (Pers.) Tul.), — Like the last, 
this fungus attacks many plants of the cruciferous family, including most 
of the cultivated species. In India it has been found on turnips, cauli- 
flowers, sarson, toria, rai, radish, black mustard, and duan, and probably 
occurs on cabbages and other hosts as well. 

The effect of the parasite on the host plant is somewhat similar to, 
though lesser than, that of Cystopus candidus. Owing to the very 
frequent co-existence of the two fungi (Fig. 119), it is not easy to separate 
their effects, but it may be said that Peronospora produces the greatest 
deformities in the stem, Cystopus in the flowers. The stem" swellings 
may be limited or several inches long, in the former case often accom- 
panied by abrupt bending of the stalk. The axis of the inflorescence is 
equally liable to deformity. The leaves and flowers are not often swollen, 
except the young ovary, which may be prolonged to a twisted body, two 
or three inches in length. More often the floral buds are atrophied, all 
the parts, sepals, petals, stamens, and pistil, being shrunken and almost 
colourless. If the attack is late, the fruits may be partly normal, partly 
deformed or atrophied, and a single fruit may be similarly affected in part 
only. There is never any trace of the violet colour produced so often by 
Cystopps. 
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The fungus is visible as a thin, greyish -white, downy growth, occurring 
in scattered patches on the under surfaces of the leaves in cabbage, cauli- 
flower, and turnip (Fig. 20), and on the leaves, stem, and inflorescence in 
radishes. The upper surface of the leaf is marked by white spots 
corresponding to the downy growth below. In bad attacks, the spots may 
be so crowded that the leaf dries up, shrivels, and tears easily. In seed- 
lings, the whole under surface may be evenly covered, and total infection 
of the young inflorescence is also found. Occasionally the roots are 
attacked. This has been observed in the radish and Swedish turnip in 
Europe. The tissues blacken and rot near the surface ; oospores occur 
within the tissues and conidiophores form if exposed to the air. 

The internal changes differ from those oauBed by Cystopus in many respeots The 
palisado cells of the leaf are not changed. In the Btom, the cortex is less hypertrophied, 
the pith more. In the deeper layora of the cortex and in the endoderm and pericyclo 
new layers may be formod by cell division. Only tho cells just round the bundles become 
enlarged and thin-walled, the rest of the interfascicular sclerenchyma remaining 
unaltered. Tliore is no interfascicular cambium. The cambium of the bundles remains 
active, the xylem vessels being somewhat enlarged and separated by radial bands of 
parenchyma, in which hyphee occur. Tho phloem is also increased. There are no 
accessoiy bundles. In general, tho effect on the colls seems to be more instructive than 
in Cystopus, the chlorophyll being diminished and the cell contents more rapidly used up. 
There is not the same tendency to the formation of chlorophyll in unusual places as with 
the other fungus. 

The mycelium of tho parasite grows, like that of white rust, exclusively between 
tho cells. The haustoria are large, elongatod, club-shaped, often branched, and may 
nearly fill the nutrient cells into which they are chiofly sent. 

After a period of vegetative growth, numerous erect, branohed conidiophores emerge 
through the stomata of the under surface of tho leaf and those of the stem and inflores- 
cence. They may be absent in infected floral organs and then the tissues ofton oontain 
oospores. Tho conidiophores arise directly from tho mycelium and are flattened where 
they pass through the stomata, and also often twisted on themselves at the base. 
Several usually como through eaoh opening. They are 200 to 300/a long and bear coni- 
dia only on tho branched tips, in strong contrast to the Bpore-beds of Cystopus. Towards 
the top, they bifurcate six or eight times, the final branches being long, slender, pointed, 
and terminating in a single conidium. Branching is at an aoute angle, and the curved 
or undulating branches are often thickened a little above each fork. 

The oonidia are broadly oval, quite colourless, 24 to 27 by 15 to 20/* in diameter, 
and fall very Teadily. They germinate in water by a lateral germ-tube, not by 
zoospores as in Cystopus, and infeotion occurs both by direct penetration of the 
epidermis and through the stomata. 

Oospores are borne in the interior of the host tissues at a later period than the 
conidia, or sometimes (especially in hypertrophied parts) alone. They have also been 
found in the cavity of the ovary on hyphe emerging between the oells of the inner epi- 
dermis of the jeaipels. They* resemble in their mode of formation those of Cystopus 
but differ in having a thick oogontal wall when mature. The persistent oogonium 
is irregularly rounded and swollen into orest-Hke folds, and is pale yellow. The 
oospore lies inside, almost filling the oavity, and is globose, yellowish-brown, and 30 to 
AO/* in diameter. Germination in the genus Peronospora seems to be by a germ-tube 
in all the species observed, and not by zoospores as in Cystopus. 
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Infection may be either general or local. In the former oase, all or most of the 
leaves may bear oonidiophores and the inflorescence may be atrophied as already 
described, while some partp (especially the Btem) may show no external change, though 
miorosoopio examination shows that the mycelium is in their tissues. Generalised 
infeotion seems to be only possible whije the plant consists of young tissues, and this ih 
why usually none but seedlings show totally infected leaves. Localised infeotion simi- 
larly ooours most easily in parts oomposed of young tissues, especially those still in 
aotive division. This appears to bo the explanation of the frequent co-existence of 
Peronospora and Cystopus. In the swellings oaused by tho latter, the oells of the 
epidermis and oortex are dividing and thin-walled and readily give entrance to the Pero- 
nospora. In the same way, the young infloresoonoe may be wholly or partly infected, 
while the older stem and loaves below remain free. 

It in as a leaf parasite that Peronospora parasitica causes most 
damage. Serious outbreaks have 
been recorded in cauliflowers in 
India, Europe, and (in plants under 
glass) in America. Occasionally it 
has been found to damage cabbages 
in the open ; turnips and radishes 
are less often injured. In India, the 
cauliflower crop in the neighbour- 
hood of Lahore was badly attacked 
in 1911-12. About 90 per cent, of 
the plants were infected and in bad 
cases two or three hundred conidial 
patches could be found on each leaf. 

The growers considered that the 
disease reduced the yield to less than 
half that of normal years. In com- 
bination with Cystopus candidus, the 
parasite has several times been 
reported in other countries to have 
injured this crop. 

There is no information as to 
whether this fungus has specialised 
races on its different hosts. It has *“• Zio P h™Z7ZZ i fc n }%L° a cap'. 
been noted, however, that it may be 

common on one host and absent from oospores. (* after Dugger, s after 
another in the vicinity, so that there 
is probably some degree of specialisation. 

The treatment consists in clean weeding bo as to remove all cruci- 
ferous weeds capable of harbouring the parasite, and in spraying with 
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Bordeaux mixture or potassium sulphide or some other fungicide. 
Spraying is only necessary in bad attacks. At the end of the season, 
all crop refuse should be carefully destroyed to get rid of the oospores ; 
and rotation with non-cruciferous crops should be practised. An attack 
in young plants is reported to have been checked by a mulch of sawdust 
saturated with copper sulphate round the base of the plants. 

Powdery mildew (Erysiphe Polygoni DC.). — The fungus which causes 
this disease is described above under peas (p. 253). In Great Britain, 
turnips (especially the Swede) are sometimes severely attacked by it, 
the oidial stage, long known as Oidium Balsami , being alone usually- 
found. Perithecia were first observed in 1898 and proved to be identical 
with those of the pea mildew. A severe outbreak occurred in 1907 in the 
Chenab Canal Colony of the Punjab. Large areas were attacked about 
the New Year on irrigated land. The leaves were blighted and the roots 
dried up tfnd became stringy. After a good fall of rain some recovery 
took place, new leaves being formed to replace the old. 

The fungus grows on both surfaces of the leaven, producing conidia ho plentifully an 
to whiten the boots and clothes of persons walking through the fields. =* r lhe green colour 
of the leaf is loNt ; later, leaves and mycolium turn dirty brown. The conulia aio borne 
on short., erect conidiophores as in the pea mildew, and are nearly cylindrical, with rounded 
ends, and 30_to 40 by 13 to 1.1/a in diameter. The perithecia! stage has not boon obwrvod 
on turnips in India. 

Remedial measures do not appear to have been tried, but no doubt 
sulphur dusting would be as efficacious in this case as in that of the pea 
mildew. 

Blight ( AUemaria Brassiccs (Berk.) Sacc. = Poly desmus exitiosus 
Kuehn). — This is one of the moat widespread and destructive diseases of 
cruciferous crops in India, attacking turnips, cabbage, cauliflower, radish, 
sarson, toria, rai, Brassica rugosa, and duan. In Europe, it appears to 
be most injurious to rape (Brassica Napus L.) but it also attacks 
turnips, radishes, and other Crucifer®. As stated above (p. 273) guar 
is sometimes affected in India by what seems to be the same disease. 
Varieties are also known on the carrot, melon, and other plants in 
some countries but have not been observed in India. Although first 
described in 1836 on English cabbages, the cabbage leaf-spot does not 
appear to be common in England ; in parts of India, on the other hand, 
t is rare to find a mature plant without it. 

In the neighbourhood of Fuse, sarson appears to suffer more from 
this disease than any of the other hosts. It was probably first recorded 
from Tirhoot in 1901, but the fungus which causes it was thought to be 
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new and described as Sporodemium Brassicm Mass. It does not differ 
materially from the form found on turnips and other Crucifer® in Pusa 
and throughout northern India, and there is no need to give it a new 
name. 

All the green parts of the plant are attacked, leaves, stem, and fruit 
In sarson, toria, and 
rai, the pod is the seat 
of greatest damage in 
ordinary years (Fig. 

122), but in years of 
severe outbreaks, the 
^em attack may be 
sufficiently intense to 
cause the whole plant 
to wither before many 
of the pods have 
matured. In other 
hosts, the injury is 
chiefly to the leaves 
(Kig. 21). 

At Pusa, the disease 
appeals, in sarson, 
usually in December 
and the attack reaches 
its height towards the 
end of January. At 
first, small, brown or 
blackish spots appear 
on the leaves. These 

multiply rapidly and Fl0 m Blight of sarson {AUernaria Brtutica) stem 
later spread to the and pods with blight spots, x 4 ; below, spores, x 46. 

stems and pods. On 

the leaves and pods, they are punctiform at first, but gradually enlarge, 
remaining more or less circular in shape. On cabbage and its allies, 
the leaf spots are lighter in colour and may reach a diameter of 
about an inch, but on sarson they are generally smaller, and on 
the older leaves are mostly only from J to 2 mm. in diameter,, 
and often slightly raised above the surface of the leaf. The spots 
on the stem of the latter host are at first linear and then expand 
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but remain usually elongated and with pointed ends. On young stems 
And pods they are often somewhat sunken, and, in severe attacks, the part 
between the spots and the tip of the stem or pod withers. 

The fungus is found in the tissues underlying the spots and also in the cavity of the 
pods and surrounding the seeds. The internal hyphee run between the cells but oan also 
penetrate them. The chlorophyll corpuscles become discoloured and the cell contents 
turbid and opaque, letter, the cell waHs turn brown. After a limited growth within 
the tissues, further spread is usually checked and reproduction begins. The hyphsp collect 
in stromatic masses beneath the epidermis ; from the outer cells of these, branches pass 
through the epidermis, already partly disorganised from the effects of the stroma, to 
reach the outside and become sporophores. At first these stalks are hyaline, like the 
internal mycelium, and unseptato, then they turn brown bolow and develop cross walls. 
When old, tho whole structure may be brown. 

The spores are produced mqst freely on the stems and pods, lifting especially numer- 
ous, in sarson, on the finer lateral bronchos. They may be m dense clusters or Hoattored 
on isolated sporophores. Typically, a single spore is borne on a rathei short Htalk, but 
several may develop in a chain : sometimos the chains are long (up to 10 spores) but in 
such cases each spore is usually dwarfed. In very damp weather, the stalk may give rise 
to a branched, hyaline hypha, bearing sporos on tho ondB of the branches and on short 
lateral stalks This is really a superficial sjiore-bearing mycelium. 

The shape and size of tho conidia vary considerably. They are usually somewhat 
bottle-shaped, but attenuated into a long beak at the tip and also slightly narrowed again 
nt the base. They are divided by from 6 to 12 cross walls and also dfle or, rarely, two 
longitudinal walls at the broader part. The diameter is slightly narrowed at the cross 
walls. In colour, the mature spore is greenish-brown, the beak being nearly colourless 
The size vanes from 60 to 140 by 14 to 18p.. Sometimes the beak is little developed, 
sometimes there are two beaks, and protuberances (sometimes even a second spore) nm 
grow out laterally from some of the compartments. After falling, f-econdary spores 
may develop in the same manner. As the spores become detached Aery easily, it is rare 
to find ohains of spores on spots examined after picking 

Germination is rapid, every cell being cabbie of giving out a germ* tube, though 
usually only some do so. Anastomoses may occur between branches of the germ-tube 
or between germ-tubes of different sj>ores. Sometimes tecondary conidia are borne on 
brownish branches from the hyphee given out by a primaiy spore. The spores retain 
their vitality for long periods, especially when kept dry. In Europe, successful infectirn 
has been obtained on turnips with spores gathered the previous year 

Infection occurs through the stomata, new spots appearing very 
rapidly and bearing spores in their 'turn three or four days after inocu- 
lation, if the weather conditions are favourable. Cultivators in Bihar 
state that severe attacks generally follow foggy weather. In Europe, 
moist, warm weather, or alternate periods of rain and sunshine, are said 
to favour the disease in rape-seed, especially if occurring when the pods 
are forming. It has been observed also in this crop that strong, well- 
grown plants are less readily injured than weakly ones, the pods, even 
when attacked, being able to ripen most of their seed. 

The damage in the oil-seed mops is due to loss of seed and is much 
greater than in cabbages, turnips, and the like, where the leaf injury does 
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not usually reduce the value to any great extent. In bad attacks in 
sarson, the plants wither rapidly, especially the lateral twigs on which the 
pods are borne. This is due to the stem attack, which is sometimes 
sufficient to kill even the main stem. The crop is not uniformly affected, 
some plants withering much more rapidly than others ; they can be seen 
even from a distance, scattered through the still green crop, about the 
middle of January. On closer examination, they are found to bear much 
smaller and, especially, thinner pods than normal plants, and the seed is 
often scanty and what there is remains unusually small even when fully 
ripe. The leaves fall prematurely, covered with spots, and the pods 
ripen before their time. In milder attacks, individual twigs alone may 
be killed and many of the pods escape serious injury. 

Direct treatment by spraying does not appear to have been tried 
anywhere, and is not likely to be practicable on a large scale in Lidia, as 
the cost would be high in relation to the value of the crop. 

Besides securing vigorous plants by good cultivation, so as to assist 
the pods to develop even when an attack of the disease appears, it is 
probable that much loss may be avoided by early harvesting, as has been 
recommended in Europe when rape-seed is affected* It has been proved 
in the latter crop that the seed matures normally in the stack, if harvested 
at the moment when the seed of older pods is just beginning to turn brown, 
provided that the stacks are made so as to allow the pods to dry out 
hlowly ; at the same time the fungus ceases to grow after the plants 
are cut. The stacks are built with about 60 bundles, each 6 or 8 inches 
thick at the band, arranged conically in several layers, the lowest upright 
in the centre and sloping inwards at the outside of the stack, the upper 
layers still mote sloped, so that their stalks protect the lower pods from 
the weather, and the top thatched with straw or stalks. The centre of 
the stack should be loose, to allow the pods to dry out, which they will 
do in fine weather in 12 to 14 days. Not only does the seed ripen in 
this way, but the oil content is said not to be diminished. 


TOMATO ( Lyoopersicum exculentum Mill.). 

Bacterial Wilt (Bacillus solanacearum Smith). — Experiments in 
India and elsewhere show that this parasite is capable of attacking 
to ma toes, and though, so far, no cases have been observed in this country 
except those artificially produoed, it is probable that some part of the 
wilt so well known to affect the crop in northern India will be found to 
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be due to this cause. It is discussed under potato (p. 274) and tobacco 
(p. 334). 

Blight ( Phytophthora infestans (Mont.) de B.).— As already mentioned 
(p. 286), the potato blight fungus also attaoks tomatoes, the disease 
being similar on the two plants. The treatment is fully discussed under 
potatoes, spraying being the only effective measure with this crop. 

Fruit rots. — As already mentioned under early blight of potato, 
the tomato fruit is attacked by a rot attributed to the fungus usually 
known as Macrosporium Tomato but apparently identical with Alternaria 
Solani. This disease has been several times observed in India, as has 
also (though more rarely) the leaf and stem disease caused by the same 
fungus. On tomato, the chief damage is to the fruit, but otherwise there 
is little to add to the description already given (p. 287). 

A second fruit rot is caused by Vermicularia Capsid, a fungus which 
will be more fully described under chilli (p. 352). The widespread 
Glomerella cingulata has also been found to attack tomato fmits in the 
United States and elsewhere, while in India successful inoculations have 
been obtained by using Glomerelto piperata from chilli, a species believed 
by some to be identical with the last. Other allied fungi found rotting 
the fruit in Europe and America are Glomerella Lycopersici Krueg. and 
Collelotrichum phomoides (Sacc.) Chester. 

Early spraying with Bordeaux mixture would probably check most 
of these rots, but they have not hitherto been observed to cause sufficient 
damage to justify spraying. Damaged fruit should be picked and 
destroyed early. 

Wilt (? Fusarium Lycopersici Sacc.). — Tomato wilt has not yet been 
specially studied in India, where it is common, and it is, therefore, not 
certain that it is identical with the disease caused by Fusarium Lyco- 
persici in Europe, the United States, and Australia, the more so that at 
least two other species of Fusarium are said to attack the roots of the 
tomato. 

The disease resembles the wilt of pigeon pea (p. 244) in all important 
respects, and the parasite found commonly present (but not proved to 
be its cause) is not easy to distinguish from Fusarium udum. 

Where the crop is grown in the open, as in India, no treatment is 
possible except to avoid having tomatoes more often than once every 
three or four years on the same land. The fungus is a soil-dweller and 
can doubtless, like its allies, remap in land that has borne a diseased 
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crop, for a considerable time. Sterilisation of the soil, or its replacement 
from an uncontaminated source, has been employed with sucoess in the 
large glass-house tomato industry in Europe and America. 

Root rot ( Hypochnus Solani Pril. & Del. and Rhizoctonia sp.). — 
Hypochnus Solani has been found attacking tomato plants in Kashmir, 
and the Rhizoctonia with small, black sclerotia is not uncommon on 
tomato in several parts of India. They have been fully described under 
cowpea (p. 262). 

BRINJAL ( Solanvm Melongena L.). 

The only diseases of this crop so far observed in India are fruit rots, 
of which there seem to be several types, the Rhizoctonia with small, 
black sclejotia (p. 262), and a comparatively mild form of wilt which 
may possibly be due to Bacillus solanacearum, a parasite known to 
attack the crop in other countries (p. 338). 



The commonest fruit rot in Borne parts of Bengal is that caused by 
Vermicularia Capsid (Fig. 123), a fungus more fully described under 
B, dig ' 20 
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chilli (p. 352). Others are caused by GlomereUa pvperata (p. 355), and 
a species of Macrosporium or Alternaria which seems to be that already 
•described (p. 287) as Alternaria Solani (Macrosporium Tomato Cke. 
and M. Lycopersici Plowr.). 

The most satisfactory method of checking these rots appears to be 
to pluok off and destroy the damaged fruit as soon as possible, so as to 
diminish spore formation. 

BHINDI (Hibiscus esculentus L.). 

Mildew ( Erysiphe Cichoracearum DC.). — The mildew of this crop 
has been found on several occasions in India. It is known also in Egypt 
and south-eastern Europe on the same host, and in many other parts of 
the world on other plants. The form on eucurbits in Iudia is figured 
below (p. 314, Fig. 128). 

The fungus forms a floury coating on the leaves, chiefly on the 
upper surface, covering all or a considerable part of the leaf. Affected 
leaves dry up and lose their green colour, just as in the powdery mildew 
of peas. The effect of a severe attack is to reduce both $ie size and 
number of the fruit. 

The mycelium is superficial oxcopt for the haustona, which ponotrate the epidermal 
oella as in the mildews of wheat and poaw. From tho rocumbont hyphic, short oonidio- 
phores arise more or less at right angles to the surface, and boar chains of spores of tho 
usual oidial type. Tho spores are barrel-shaped and measure 24 to 30 by 15 to 20/a. 

Perilhecia seem to have been observed only on specimens collected in the Balkans, 
where the crop is extensively grown. They occur on tho under side as roundish, dark 
bodies, about 80 to 140 /a in diamoter, and with numerous densely-interwoven, septate, 
brown appendages, which are twice to four times as long as the diameter of the perr 
thecium. Tho usci are numerous, ovate, 58 to 90 by 30 to 50 /a in diameter, and contain 
■each spores, which are usually about 24 by 14 /a in diameter, hyaline, oval, ami 
continuous. 

The treatment is the same as that of the pea mildew (p. 254). 


KACHU (Colocasia antiquorum Schott.). 

Blight ( Phytophthora Colocasia Rac.). — Only one serious disease of 
this common Indian garden crop has as yet been reported in India. It 
is known also in Java, the Philippines, and Formosa, and probably 
throughout south-eastern Asia. In India, it occurs sometimes on the 
wild varieties of Colocasia whioh grow in moist situations, and pure 
cultures of the fungus have been found capable of attacking seedlings of 
Qilia (an exotic garden flower) and wounded leaves of potato and perhaps 
-also tomato, but no other hosts are known. 
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The disease first shows itself ordinarily on the leaf, the earliest attacks 
•occurring in August or September at Pusa, in the form of small, dark, 
roundish specks, which widen rather rapidly by centrifugal growth. 
The spots may remain 
circular or become oval 
or irregular. Several 
often coalesce, and in bad 
attacks a very large part 
of the leaf area may be- 
come involved. In the 
early stages, drops of a 
clear, yellow liquid ooze 
out from the surface of 
the spots ; later, the cen- 
tral portion assumes a 
yellowish-brown colour, 
dries up, and may be- 
come perforated. The 
margins are often beauti 
fully zoned, in different 
shades of brown, green, 
and yellow ; towards the 
periphery these zones 
reveal, on careful examin- 
ation, a delicate white 
haze which is caused by* 
the sporangial stage of 
the fungus. This external 
development of the para- 
site is, however, much less prominent than in the allied potato blight, 
and is sometimes difficult to detect with the naked eye. As the spot 
widens, sporangia continue to be produced at progressively increasing 
distances from the centre. 

The above may, in mild cases, constitute the whole extent of the 
attack. Frequently, however,’ the petioles become infected, with more 
serious results. The tissues at the infected point often become so softened 
•as to be unable to bear the weight of the large leaves, which fall over 
and may even break off altogether. Extension may continue down to 
the sheathing base of the petiole and probably into the short stem, though 
this has not been actually observed. The inflorescence and com are 
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also attacked, the former in the same way as the leaves, the latter possibly 
by extension down inside the tissues but more probably from spores shed 
on the soil. In a severe attack, all the leaves may be lost and the plant 
killed. In less severe cases, the young leaves may be sound or only 
slightly involved, while the older ones are covered with patches of varying 
extent or are hanging rotted on their stalks. The corms may be entirely 
lacking or, if formed, may be small and shrunken. Where only isolated 
spots occur, there is little apparent injury to the plant and the corm 
matures normally. The intensity of the attack depends, as in potato 
blight, on the atmospheric conditions prevalent during the growth period 
of the host, being much greater in years of abnormal humidity ; it is also 
greater in shady, sheltered places than in open fields. 

The corm rot is sometimes prevalent before the crop is lifted, 
but more usually develops subsequently in storage. It resembles 
that of potato tubers caused by Phytophthora infestans and, so far, 
has only been found to cause considerable damage in unusually wet 
years. 

The parasitio mycelium grows within the tissues, the hyplia* Leuig large, unseptate, 
and copiously branched. In the loaf they grow kotwecn the cells, except in the epi- 
dermis, where they sometimes ctobs a coll when entering or loaving tho loaf Longish, 
slonder, usually unbranched hauBtoria are tent into tho cells in crnsidorablo numbers 
(Fig. 16). Neither in the loaf nor in the petiole have hyphsc been found to enter the 
fibro-vasoular bundles. In tho corm, on tho other hand, not alone are hypha? found in 
the storage cells, the mycelium being rather within than between the colls, but tho bundles 
are commonly penetrated. Tho effect on tho cells is to cause the gradual disappearance 
of the green colouring matter and the collection of the cell contents into a shapeless, 
grumous mass. Later on, the starch is destroyed and the cells turn brown. 

From tho internal hyphre, branches grow out to the surfaco to form sporangia. Those 
aro found at tho margins of the spots on both surfaces of tho leaf and on tho petiole and 
inflorescence. They come out in successive crops as the spots widen. Similar sporangia 
can be induced to form on tho corm in wator or moist air, for si mo months after growth 
clsowhoro has coased, and no doubt tho storage rot is spread m this manner, as in the 
potato blight. 

The sporangia are borne on very short stalks, not often more than 50fi in longth, and 
exceedingly narrow (sometimes as little as 1 -Bp in diametor) at the tip. Tho stalks 
emerge singly or in small clusters not only through the stomata (the usual mode of emer- 
gence in the Peronosporacoa) but also through or between the epidermal cells (Fig. 125). 
They are usually unbranched. The sporangia are colourless, elliptical or pear-shaped, 
sometimes curved, and very irregular in sizo, measuring from 38 to 60 by 18 to 26/fc in 
diameter. They are bomo singly at the tip of the stalk and break off, when ripe, with 
a short piece of the stalk attached, like a tail. The wall is thin and smooth, and at the 
free end is a broad, blunt papilla, which swells up and softens after a short time in water 
and then opens to set free as many as 20 zoospores. These swim freely for a time, by 
means of two cilia, and then settle down, become covered by a wall, and germinate by a 
germ-tube, the whole prooess often taking not more than an hour from the liberation of 
the zoospores. As in most of its allies, tomperatifre influences zoospore-formation to a 
marked degree. At temperatufes above 9ti°F. it is checked, while below 80° it occurs. 
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freely ; the lower limit is not known. In many oases, especially if the sporangia do not 
come in oontaot with fresh water as soon as they ripen, they fail to form zoospores but 
germinate directly by a hypha, whioh 
usually grows from the papillate end of 
the sporangium. This hypha may form 
a small, branched mycelium or may bear 
secondary sporangia after a short growth. 

Both the germ-tubes from the zoospores, 
and the hyphee whioh grow from those 
sporangia which have failed to form 
zoospores, are oapable of infecting the 
•Colocasia plant, and it can be readily 
understood that the powers of disse- 
mination of the parasite in moist weather 
are very considerable. 

No other spore form has been found in 
tile fungus in its normal home on the 
Colocasia plant. It has, however, been 
cultivated artificially on specially pre- 
pared nutrient substances, and under these conditions two othei types of spore may 
develop. One is a thick-wallod, spherical body, varying from but little more than the 
breadth of the hypha to over 30 fi in diameter, and formed anywhero on the mycelium 
by the simple swelling up of part of a hypha, whioh is then cut off by one or two septa, 
according as it is terminal or in the middle of a bianch. It is not a truo spore, but 
belongs to the vegetative type of propagating organ known as a chlamydospore. It is 
doubtless oapable of preserving its vitality for long periods and of giving nse to new 
hyphffi after some months of suspended activity, os has been proved to ocour in other 
oases, though this has not been actually observed in the Colocasia fungus. 

The other spore form which lias been developed m culture is a sexually -formed 
oospore (Fig. 125), closely resembling in its characters and mode of formation the 
oospore of Phytophthora mfestana (p. 281). The oogonin are nearly round, of a yellow 
colour, and moasure from 24 to 3 fi/x in diameter. Attached to the base is an antheridium, 
whioh persists for a long time after the oospore has been formed. The latter is spherical 
and measures from 20 to 28 fi only, so that it lies loose in the oogonium. Though they 
have not been gorminated, it is certain that the oospores form a resting stage of the 
parasite and are oapablo of germinating long after the nporangial stage has ceased. If 
thoj and the chlamydospores ooour m nature, they must servo the purpose of enabling 
the fungus to persist during that part of the year when the host plant is not available. 
This probably takes pflaoe in the soil. Another possible way in which the disease is 
oarriod over is by the mycelium in the corms which, as has already been mentioned, is 
capable ofsproducing sporangia long after the leaf stage of the fungus has ceased. 

Infeotion takes place with groat rapidity when active zoospores are placed in a drop 
of water on the loaf. Tho germ -tubes pierce the epidermis at any point and pass down 
to tho internal tissues (Fig. 17), causing, in some oases, visible spots within six hours. 
New sporangia may ansa from these spots in three days. In the same way, the hyphss 
from sporangia whioh germinate directly oan penetrate the leaf, and it, as well as tho 
wounded surfaoe of the oorm, can be penetrated by the ordinary aerial growth of hyphas 
obtained by placing a diseased leaf in a saturated atmosphere. The funguB is a virulent 
parasite, provided tho surrounding conditions are favourable to its growth. 

The milder form of the disease is found in most parts of India bu6 
is especially common in the eastern provinces. Severe attacks have 
•only been observed at Fusa in exceptionally wet years. 



Fig. 125. Phytophthora Colooasice : surface 
of leaf with sporangia, x 100 ; oospore 
showing antheridium surrounding the 
stalk, x 465. 
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Treatment by spraying is only likely to repay oost when the attack 
is severe. Bordeaux mixture is reported to have given good results in 
Formosa. It should be applied as in potato blight. lit the early stages 
of attack, spotted leaves should be removed and destroyed. Corms kept 
for seed should be gone through at intervals, and any that 6how signs 
of rotting removed. At the time of planting, only sound oorms should 
bo selected. This is probably the most important point in the control 
of the disease, as provided that a sufficient rotation is practised, the 
fungus is likely to disappear from the soil unless reintroduced in infected 
corms. Planting in shady localities should be avoided. 


CASSAVA or TAPIOCA ( Manihot utUissima Pohl.). 


Leaf spot (Septogloerum Manihotis Zimin.).— This crop is extensively 
grown in the south-western parts of India, especially in Travancore. 
The leaf spot is common, but as it occurs chiefly on the older leaves does 
not seem to do much damage. It is known 
also in Java, Ceylon, and East Africa. 

The leaves show dark green spots which 
soon turn brown, extending from the 
margin towards the main veins. They 
are up to J inch in diameter and are 
dotted with greenish-black pustules on 
both surfaces, representing the fructifying 
stage of the parasite. 

Tho fructifications consist of stromatio collections 
of myoolium under the epidermis, with r dense layer 
of conidiophores (bafiidia) on tho outer sido which 
rupture tho epidermis and project a little way 
above tho surface of the loaf. The stromata are 
40 to 100/a in diamotor, black, and when mature 
rather cushion -shaped. 

The s poro phonos are short (not usually exceeding 
50 /a), unbranched, and septate only at the bate 
They each bear a single oonidium on the tip. The 
conidia are cylindrical, straight or irregularly 
curved, hyaline, with 0 to 0 (usually 2 to 5) 
septa, and measure from 20 to 90 by 4 to F/a. Tho 
upper end is rounded, the lower somewhat narrowed 
and marked by a flattened plate showing the point of attachment to the stalk. Their 
germination has not been observed. 



Flo. 120. Leaf spot of m 

(8*ptoaU»um Manihotis) ; 

of leaf with epots, x f ; coni* 
diophores and conidia, x 200. 


; part 


No ease has as yet been repotted in which treatment was required, 
but an allied (perhaps identical) leaf disease of this crop in the West 
Indies is said to be readily controlled by spraying. 
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THE, CUCURBITS (Gourds, Melon, Cucumber, etc.). 

Downy * mildew (Pseudoperonosfora cubensis (B. & C.) Rost.). — This 
parasite is an interesting example oi a fungus, described first on what 
seems to have been a wild plant, in an isolated part of the world, and 
considered of no economic importance, which by its gradual spread to 
other countries and the damage that it has caused on new hosts has won 
for itself a position amongst the major enemies of cultivated plants. 

It was first described from Cuba in 1868. Nothing more was heard 
of it until 1889, when a new blight on greenhouse cucumbers in New 
Jersey (United States) was found to be due to this fungus. It subse- 
quently transpired that it had been collected the previous year in Japan. 
In a few years it had spread over most of the eastern and southern 
States, and it was collected in Equador (South America) about 1891. It 
was not, however, until 1899 that it was reported in Europe ; in that 
year it was stated that it had recently been observed in England. It 
was collected in Brazil in 1900, Russia and Java in 1902, Austria, Italy, 
and East Africa in 1903, China in 1908, and Australia and India in 1910. 
When it first reached India is not known, but it was certainly not in Pusa 
much before 1910, as it has appeared regularly every year since and could 
not have escaped notice for long. An unidentified Peronospora was 
lecorded on cucumber in Ceylon in 1901, and as the present is the only 
member of the family known on this host, it is quite possible that the 
disease has reached us from the south. 

In one or other of these countries, it has been found on almost every 
cultivated cucurbit, perhaps most frequently on cucumbers. At Pusa 
it occurs on species of Luffa and Trichosanthes, in the Punjab on melons, 
and it is also known in Bombay. 

The fungus attacks the leaves, causing at first pale yellow, angular 
patches, which deepen to a brownish-yellow as they grow older. The 
shape is very characteristic, the limitation of growth by the veins of the 
leaf causing the spots to assume a sharply defined figure. Ih late stages, 
much of the leaf may become covered, the spots uniting into larger patches. 
As these dry up, the whole leaf turns yellow and decays. The rot is 
not usually a wet one as in potato blight ; the leaves simply wither and 
fall. As the young parts do not at first show the disease, the leaves are 
lost from the base upwards, and a tuft towards the tip of the creeping 
stem may be all that is left on the plant. On the under surface of the 
spots, careful examination may reveal the fine downy outgrowth of 
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sporangiophores, which is often scanty and hard to see The fruit is not 
directly attacked, but once the leaves are well infected, few fruits are 
developed and those that appear are often small and misshapen 

The mycelium consists of hyaline, branched irregular non septate hyphse, running 
between the cells of the leaf mosophyll, which are penetrated only by short ovate haustona 
From those hyphs the sporangiophores arise oluefly on the under surface, through the 
stomata but sometimes boring directly through the epidermal cellB Usually one or two 



Fig 127 Downy mildew of oncuibits ( Pseu d ojwo nospora cubtntns) 1 
affected leaf of Luffa, x J £ sporopboro and sporangia from Triobos 
antfaea, x 260 , 3 sporangium and zoospore (9, aftei Clinton f 


sporangiophores come through each stoma but there may be as many as five or six 
together They are mostly 200 to 300fi long varying, however, considerably the 
breadth is 5 to 9p below-the first branohes Tho upper third is 3 to 5 times branched in a 
roughly dichotomous manner, the branches being at an acute angle and one generally 
tending to oontinuo the direction of the main stem They are Bhghtly curved The 
ultimate branches taper to a rather blunt apex, on which is borne a single sporangium 

The sporangia are hyaline when immature, then smoky grey or purplish and in mass 
greyish blaok They are ovate or ellipsoidal, with a small hyaline papilla at the free end 
when npe and average 23 to 30 by 10 to 20/u in diameter They fall off when mature 
and germinate in water, usually by giving out zoospores but sometimes by a germ tube 
The zoospores emerge singly as a rule and are of the usual Peronosporaoeous type, about 
10 or 12p. in diameter after ooming to rest. Infection occurs from either surface of the 
leaf, the germ tube being oapable of penetrating through the epidermal cells as well as ° 
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entering through the stomata. Growth does not seem to be rapid, the new oonidiophoios 
sometimes taking over a week to appear. 

Oosporej are not known, and as the plants are annuals and the sporangia short-lived, 
it is somewhat of a mastery how the parasite persists from season to season, especially 
in parts of tKe world where there is only one season for growing the host plants. In 
Pusa there are /suitable hosts during most of the year and there may bo an almost contin- 
uous succession of living sporangia. Immature oospores are sAid to have boon found in 
Russia on very old rotting leaves, but there is some doubt that they really belonged to 
this fungus. 

There is no e ridence that the races on the different hosts are specialised, such obser- 
vations as have been made indicating rathor that spores from one host will readily infect 
anothor. 

The spread of the disease is greatly influenced by the humidity and 
perhaps also by the temperature. In dry weather, few conidiophores are 
formed and the spores rapidly lose their power to germinate. Low 
temperature probably favours germination. Cloudy or foggy, cool dayH, 
with heavy morning dews and little sun, are likely to be the most danger- 
ous. At Pusa, rainy season cucurbits are chiefly attacked. In Florida 
(United States) it is said that the fungus grows all the year round 
on various hosts, and some hold that the annual attack in the more 
northern States is due to spread each year afresh from the south. If 
such extensive spread really can occur, the great diversity of climate and 
season in different parts of India and the frequency of suitable hosts 
would probably ensure the continuous growth of the parasite. 

Cucumber and melon plants are readily killed in other countries. 
The hardier species infected at Pusa have not been seriously damaged 
up to date. As the disease is so recent there is no information of the 
amount of damage it causes in other parts of India. Elsewhere it is 
perhaps the worst fungus disease of cucurbits known ; melon and 
cucumber fields may be destroyed in a few days ; and losses of two-thirds 
of the late varieties of cucumbers have been recorded in parts of the 
United States and of 80 per cent, of melons in Austria. 

Spraying has been effective in checking the attack on cucumbers 
in America, where two or three other diseases often co-exist with the 
mildew and afford additional arguments for this treatment. On melons, 
the results have not been satisfactory on the whole. The different hosts 
vary greatly in susceptibility, cucumbers being more readily damaged 
than melons, and melons than vegetable marrows. The hosts attacked 
in Pusa have been little injured so far, but spraying might be necessary 
if the more susceptible species largely grown in certain districts become 
infected. Bordeaux mixture has been found rather hurtful to some 
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cucurbits at the ordinary strength and may preferably be made up with 
2 lb. copper sulphate, 2 lb. lime, and 50 gallons water. Spraying should 
commence about the time the disease first shows, and be continued at 
intervals of 14 days or so. 

Powdery mildew ( Erysiphe Cichoracearum DC. and Sphasrotheca 
Humuli (DC.) Burr, var .fuhginea Schlect.). — Two species of ErysiphacesB 
attack the cultivated cucurbits in India, Erysiphe Cichoracearum, which 
has been already described under bhindi, and Spharotheca Humuli var. 
fuligmea , a fungus which is parasitic on a large number of plants (mostly 
weeds) in many parts of the world. 

Erysiphe Cichoracearum on cucurbits agrees with the description 
on p. 306 above, except that the appendages of the perithecium are 



Fig. 138. Powdery mildew of Otphalandra ( Coooinia ) indica {Erytipha 
Ciehoraosarum ) : I, leaf with white mycelial patches, x 4 ; 2, conidio- 
phore and comdia, x 180 ; 8, a perithecium with appendages, > 

180 ; 4, aaci with aaooapores, x 130. 

often short. It has been found in the perithecial stage on Cephalandra 
( Coccinia ) indiea at Cawnpore, and on the same host as well as Trichos- 
anthc8 dioica and Momordica Balsamina at Pusa. Many of the oidial 
forms of powdery mildew so common on most of the cultivated cucurbits 
of the plains are doubtless also to be referred to this species. 

SphcBrotheca Humuli v&i.fuliginea has so far only been found bearing 
perithecia on Lagenaria vulgaris in the United Provinces, and Cucurbita 
moschata in Kashmir. Some of the oidial forms on other cucurbits, 
however, probably belong to this Bpecies. The disease resembles that 
caused by Erysiphe so closely that no general distinguishing feature has 
been observed. 

The mycelium oooure on both surfaces of the leaf, but chiefly above, forming more 
or leM persistent, large or small patches, which are dusty white when bearing Sonldia. 
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The peiithecia occur as scattered or orowded. minute, black points on, or partly immersed 
in the mycelium. They measure from 40 to about 100/a in diameter and have short, 
pale brown, bent, and interwoven appendages. Each contains a single ascus, roundish 
or broadly elliptical in shape, and with 8 ascospores. The latter measure 20 to 25 by 
12 to 15/a, and are hyaline, oval, and continuous. 

The treatment of these mildews is the same as described for pea 
mildew (p. 254). 

Root rot (Hypocknus Solani Pril. and Del. and Rhizoctonia sp.).— 
The form with small, black sclerotia (see p. 262) occurs on melon, 
Cucurbita, ard Citrullus, while the Hypcohnus has only been found on 
Trichosanthes. They are described above, under cowpea. 


CELERY (Apium graveolens L.). 

Leaf spot ( Cercospora Apii Fr.). — This disease has been found 
occasionally in India and is common in Fjuropc and America, where it 
also attacks carrots and parsnips. Tt is called ** early blight ” in the 
United States. 

The affected leaves become covered with dark yellow spots, up to 
J inch in diameter and with a slightly 
raised rim. In the centre, the coni- 
diophore clusters appear as brown, 
powdery dots. In bad attacks the 
spots are large and indefinite, and, as 
the leaves die, they may become almost 
completely covered with spores. They 
are first visible on the lower leaves but 
extend rapidly over the plant, 
especially in warm, moist weather. 

The actual injury inflicted appears, 
however, to be greatest in hot, dry 
weather, as then the plants are less 
able to resist the attack. 

The fungus mycolium occurs within tho leaves, passing between the cells, which aro 
killed and turn brown. Tufts of conidiophores emorge through the stomata all over the 
spot. They vary considerably in length according to the v eat hoi, being usually about 
40 to 00 by 4 to C/a, but sometimes up to 150/a long. They aro brown, undulate, with 
one or two septa near the base, and generally unbranched. 

The opnidia, whioh are borne singly on the rads of the conidiophores, are very 
pale green, rounded at the base, attenuated above, with up to 12 septa, and usually 
50 to 80 by 4 to 5 /a but in warm, moist weather muoh longer, up to even 280/A in some 
oases. They maintain tfieir vitality for many months, and germinate by one or more 
germ-tubes whioh oan readily penetrate the leaf and start a new spot. 
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The treatment by early spraying with Bordeaux mixture has given 
good results in the United States, where sulphuring has not been suc- 
cessful on the whole. Ammoniacal copper carbonate has also proved 
satisfactory. Trenching, and the resulting better aeration of the surface 
.soil and control of the water-supply, is of great importance. Shading 
has been also recommended, as shaded plants are said to resist the attack 
better. Removing infected leaves might delay and diminish the pro- 
gress of the disease. 

CHUA ( Amaranthus pmiculatus L.). 

White' rust ( Cystopus Bliti (Biv.) L6v.). — The amaranths are culti- 
vated somewhat extensively in India, some as food grains, others as 
green vegetables or pot-herbs. The present species is one of the most 
important food grains of the hill peoples, from the Himalaya to South 
India and Burma ; it is also found as a cold-weather crop in the plains. 

It is sometimes attacked by a disease allied to the white rust of the 
Brassicas (p. 291). The leaves are chiefly affected and bq$r numerous 
small, white blisters on the under surface. These are the sporiferous 
sori of the parasite, which form under the epidermis, raising it up and 
ultimately rupturing it. The corresponding upper surface is marked by 
pallid spots. No deformity is caused so far as has been observed, but 
attacks during the flowering period have not been seen and if, as is 
probable, the inflorescence is also involved, the effects may be more 
considerable than on the leaves. 

/ 

The fungus agrees in most points that have been made out with Cystoj/us candulu «, 
except in the spore characters. The sporangia of C HIM are marked by an unntdar, 
thickened, horizontal band on the inside of the wall, about half way up the spore. The 
end spore of the chain is smaller than the rest, round, with a thick wall and yellowish 
contents and is incapable of germination. The othors are colourless and round -oblong 
or egg-shaped, but with the ends (especially the base) somewhat flattened. They are 
narrower below than above and measure 15 to 20 by 14 to 18/*. 

Oospores are found in the leaves, as the spots begin to wither. They are dark brown, 
spherical, and with a thick opispore dearly marked by a fairly regular, 5 to 6-sided roti- 
-oulation, with meshes 5 to 6/* across. They measure 55 to 65/* in diameter. 

The fungus is said to permeate the whole plant, but little is known of its life-history 
or mode of infection, except by analogy with the other members of the genus. 

In the absence of more accurate information, suggestions for treat- 
ment cannot be given, beyond attempting to destroy the oospores 
by burning the infected debris. Probably the crop is not so seriously 
damaged as to allow of much added expense in employing remedial 
measures. 
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Several of the other cultivated amaranths are attacked by the same 
fungus in India, the most interesting of which is A. Blitum , a pot-herb 
In this host, the oospores are found in the stem, not in the leaves, and 
differ from those described above in being of lighter colour and with 
larger, less regular meshes on the wall. For this reason the parasite has 
been regarded by some as a distinct species. In Italy, A. silvestris simi- 
larly bears the oospores in the branches, where gall-like swellings are 
produced, two or three times the size of the normal stem, of a bright red 
colour, and variously bent or flexed ; while on A . retroflexus, oospores 
occur in the leaves or more commonly in the inflorescence, causing the 
parts to turn red without hypertrophy and to stand out in strong 
contrast to the rest of the plant. 

BATHUA (Chenopodiwn album L.). 

Downy mildew ( Peronospora efftisa (Grev.) Ces.).— This plant is a 
common weed in many parts of northern India, but is also grown as a 
green vegetable, like spinach. It is very liable to the mildew, which, 
however, docs little apparent damage. 

The fungus occurs as a fine, woolly, grey-violet growth, composed 
of great nuihbers of conidio- 
phores, ci the under (rarely 
upper) surface of the leaves. 

The latter are marked by 
bleached or yellowish patches, 
sometimes covering one-third 
to almost the whole of the 
leaf, slightly raised on the 
upper side and hollowed below. 

The affected patches wither 
early and the leaves are 
checked in their growth and 
sometimes killed. Severe 
attacks leading to death of 
the plant have not been 

observed, but the loss of leaf USSBfeST 4 x 

may cause stunting. 

Within the leaf, the mycolium. ramifies between the cells, eending branched, finger-like 
hitUBtoiia into them. Conidiophores emerge through the lower stomata in groups of 
4 or 5. They are 200 to 400 p> long by 8 or 9p broad and branohed at the top repeatedly 
(3 to 0 times) in a dichotomous mannor. The 4 branches are usually straight or slightly 
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flexuoua, the end branches being divergent at nearly a right angle, more or lees equal to 
one another in length, and never convergent at the tip or pinoer-Bhaped. At the tip of 
each branch ie an oval oonidium, measuring 22 to 33 by 15 to 21 fi, with colourless contents, 
and a very faintly tinged violet wall. There is no papilla at the free end, but after falling 
a short knob may be noticed at the base. Germination occurs by a germ-tube, usually 
from the side of the spore, which can enter directly 'into the epidermal cells if sown on a 
suitable host and, after crossing them, reaohes the intercellular spaces below, where it 
continues its growth to form a purely intercellular mycelium. 

At a'later period, oospores are produced within the leaves. The oogonia are thin- 
walled, colourless, and do not persist long after the oospores form. The latter are round, 
30 to 36/a in diameter, and with a thick, brown opispore, whioh is more or less irregularly 
retioulate or crested. Germination does not seem to have been observed, but is pre- 
sumably by a germ-tube as in allied aperies 

The attack is not usually epidemic, only single plants here and there 
being strongly affected. As the conidia are short-lived, there is no 
reasonable doubt that the parasite li\es over from one season to the 
next by means of its oospores. 

A closely allied species ( P.farinosa (Fr.) Keiss.) attacks Chenopodium 
album and related plants in Europe, Asia, and America, but has not yet 
been seen in India. P. effusa is mostly found on spinach outside India 
but has been found on Chenopodium album in America. It has been 
stated that it can be controlled by spraying. Sulphuring is also effective, 
and easier to apply in small plots. In India, the crop is of too little value 
to justify spraying and treatment is probably not practicable. All the 
old debris of infected plants should be burned, in order to destroy the 
oospores. 


KUL7A ( Portulaca oleracea L.). 

White rust ( Cystopus Portulaca (DC.) L6v.). — A disease allied to 
those already described on the Brassicas (p. 291) and amaranths (p. 316) 
is often found on this plant, which, like the last, is used as a green 
vegetable in parts of India. No other plant but Portulaca is known to 
be attacked by the fungus, but onjfchis host it occurs in Europe, America 
and Africa. >• • 

The parasite is visible chiefly on the leaves, less often on the stem 
and inflorescence. It causes raised, white or pale yellow blisters, of 
a roundish or irregular outline, on the upper surface. These result from 
the development of spore-beds under the epidermis. The latter is ulti- 
mately ruptured and a whitish powder, composed of sporangia, liberated. 
Little deformity is caused and there is no obvious hypertrophy of the 
affected parts. 

The mycelium is intercellular, richly provided with vesicular haustoiia, and found 
in almost all iwronohymatouH pahs of the plant, except the roots. Its structure (and 
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that of the son) ia just aa in C, Candidas (p. 201). 
roundish -oblong, with a thick, yellowish wall, and 
larger (20 — 22fi) than the others, whioh are ellip- 
tical, broader above than below, with a colour- 
leas, moderately thick, even wall, and 14 to 17 by 
12 to 14fi in diameter. The end spore is sterile, 
the others germinate in water like C. Candidas, 
but with rather larger zoospores. 

Oospores are found in quantity in the neighbour- 
hood of the sori. They are round, 45 to GOyu, in dia- 
meter, with a thick, bright brown epispore, 
beautifully marked by a regular ponta or hexagonal 
icticulation, the meshes of which are up to 7^ 
across and havo a little crest or papilla in the 
centre of oaoh. Their germination resembles that 
of C. Candidas. 

Infection ooours, so fat as is known, in the same 
mannor as in the white rust of tho crucifers. 


The sporangia are in chains, the end 



Fig. 131. White rust of Portu 
laca ( Cystopus Portulaoce) : 1 , 
leaf with sori, nat. sise ; 2, 
part of a sporangial bed, X 
*00 ; 3, an oospore, x 200. 


The remarks regarding treatment under the last head apply 
equally here. 


GROUNDNUT ( Arachis hypogcea L.). 

Tikka ( Cercospora personata (B. & C.) Ellis, = Septoglceum Arachidis 
Rac.). — -This is one of the major diseases cf cultivated plants in India, 
being responsible at times for very great destruction of the crop. It is 
known also in the United States, West Indies, Surinam, Paraguay, the 
Congo, East Africa, Ceylon, Java, Malaya, China, the Philippines, and 
Australia. 

The disease usually appears when the crop is between one and two 
months old. The lower leaves are the first to be attacked ; dark spots, 
surrounded by a bright yellow ring, come out in large numbers on the 
green leaves ; a few also occur on the petioles and stem. The number 
of spots on a single leaf may be from one to a dozen or more, and their 
size from one-tenth to one-third of an inch in diameter, the shape being 
generally round. Sometimes two or more run together, and any part 
of the leaf, including the veins, may be involved. The remainder of the 
leaf slowly loses its green colour, but before this is gone it falls to the 
ground. The shedding of the leaves is the most striking feature of the 
disease ; it is apparently due to some poisoning action of the parasite, 
as even those with only a single spot often fall prematurely. After the 
disease has been in progress for a week or two, affected plants can be 
at once recognised by the litter of fallen leaves round their base. 

In the later stages, the effect is not unlike that of potato blight. 
The field which, earlier in the season, had been densely covered by_the 
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green foliage, shoves a mass of fallen, withered leaves, from which the 
bare stalks, with perhaps still a few young leaves at the tip, stand out. 



Naturally, when the attack begins early, the plant is unable to 
mature its nuts. Those that have begun to form as the attack reaches 
its height, cease development, and at harvest are found shrivelled and 
loose in the shell. If they have reached a certain stage of maturity 
before the disease becomes severe, the reduction of the total yield of nuts 
is less marked, as the loss of leaf occurs too late to check their develop- 
ment. In many cases, however, losses from one-third to one-half have 
occurred in infected fields. 

Tho mycelium of the parasito is found in the plant tissues in the neighbourhood of 
the spots. It is oompoeed of 'slender, branched hypha, which run ohiefiy between the 
leaf cells and send characteristic, lobed haustoria into them (Fig. 182 , 2 ). Cells so invaded 
wither and collapse. After growth has thus continued within the leaf tor a week or twO ( 
the hypha collect in masses under tho epidermis of both surfaces but chiefly underneath, 
and form small, oellular cushions of a brown colour. The superficial cells grow out into 
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cylindrical protrusions, which by their pressure rupture the epidermis and appear on the 
surface as oonidiophores (Fig. 132, 3), The oushions (stromata) are usually grouped in 
concentric circles, which have a powdery appearance from the loose mass of spores with 
whioh they are covered.* 

The oonidiophores are thick (up to about 6/4 in diameter), short, unbranohed, and 
unseptate, and are marked by pronounced angular bends, each of whioh represents the 
point of afctaohmont of a spore. The spores are formed singly at the end of the comdiophore 
but the latter continues to grow on, leaving the spore attached to a bend at the side of 
the hypha. Each spore falls off as soon as .ripe. 

Tho spores are irregularly cylindrical, straight or curved, rounded at the freo end 
and slightly flattened at the base, ashy -grey to light brown in oolour, and divided by oross 
septa into from 3 to 8 cells (usually 4 or 5). They measure from 20 to 55 by 0 to 8/4. 
They gorminate readily in water or very damp air, putting out usually a single germ-tube 
from near one end of tho spore. Dried spores have boen found to germinate after six 
months and thoro is evidenoe that spores oan remain alive in the soil long enough to infect 
tho succeeding crop. Inoculation experiments show that infection c an he easily produced 
by sowing tho spores in water on tho leaf, now spotB appearing in from four days to about 
a week. 


The disease is spread chiefly by the wind, which blowB the spores 
from leaf to leaf. Insects have also been proved to convoy the spores 
on their bodies and in their alimentary canals. New attacks seem to 
come from the soil in which the spores have remained from a previous 
crop. No other stage than the conidial is known, and no other plant 
than groundnut has been found to harbour the fungus near Poona, where 
ft very careful search was made owing to the recurrence of the disease 
for several successive years. In the United States, the fungus is said 
to pass the winter in the conidial stage on fallen diseased leaves ; new 
crops of conidia can also be formed on old oonidiophores on such leaves. 
In India, the rapid decomposition of organic matter causes plant debris 
to disintegrate too quickly for this method to be possible. Another 
method by which the disease is said to be carried over is in the seed, 
but attempts to check it by seed disinfection fa fled at Poona, when the 
crop was grown near plots diseased the previous year. Still seed from a 
diseased crop, treated with copper sulphate or formalin after shelling and 
sown at Pusa, where groundnuts had not previously been grown, yielded 
a crop free from tikka, while we have had several cases where the parasite 
has been introduced with the crop when no precautions were taken to 
disinfect the seed. It is probable that it has come in, in these cases, in 
the form of spores in the soil adhering to the shell rather than m the 
seed itself, though in the United States, conidia have been found w 
centrifugal washings of the seeds. 


•It is probable that the fungus should really If 

naoee and not a Septoglmum (Melancpniaoea) or Ceroospora (DemSti*). 

B, DIO 


21 



FUNGI AND DISEASE IN PLANTS. 


Treatment by spraying has not given good results in India. This 
is probably due to the difficulty of reaching the under surfaces of the 
leaves, which form a dense mat of foliage close to the soil. 

Seed disinfection should be practised when the crop is grown at a 
distance from previously diseased localities, unless the seed is known to 
come from a place where the disease does not occur. Care should also 
be taken to remove the shells thoroughly and with them the adhering soil, 
before disinfection. Four hours in formalin in a strength of one pound 
to forty gallons of water, or half an hour in one-half per cent, copper 
sulphate solution, can be used. 

Remarkable success in reviving groundnut cultivation in Bombay, 
where it had almost died out, has been achieved by the introduction of 
exotic varieties. The exports of groundnut from Bombay fell from 78,000 
tons to less than 3,000 tons between 1894-95 and 1902-03. A number 
of exotic varieties were then imported from the United States, Japan, 
Mauritius, and Madras. These rapidly found favour and the exports rose 
to nearly 49,000 tons in 1912-13. The previous decline was due largely 
to the ravages of disease, chiefly tikka. The new varieties did not prove 
in any way immune to this disease, when first grown at Poona, but now 
that they are well-established, tikka has practically disappeared. Even 
when first introduced, they gave better results than the local sorts, since, 
though their leaves and stalks were freely attacked by the parasite, 
several of the varieties ripened much quicker than those previously grown 
and at the time of attack the nuts were already sufficiently developed to 
escape injury. This is one of the reasons why they were taken up so 
readily by the cultivators as practically to have replaced the old kinds. 

The earlier trials showed that there was no inherent property in the 
tissues of the exotic varieties which enable them to resist the parasites 
when exposed to severe infection. But whereas the old varieties failed 
to give a remunerative yield when attacked by tikka, the new ones could 
be profitably cultivated even in face of it, ana ultimately shook it ofl 
altogether. It seems difficult to account for this in any other way than 
by supposing that the old kinds had deteriorated by being cultivated too 
long under the local conditions (see p. 128 ). The groundnut is not 
indigenous to India, and the past history of the crop in this country, so 
far as it can be ascertained, indicates that preywus failures have occurred 
and have been temporarily checked by the introduction of new seed. If 
this is so, we may expect to see another recrudescence of disease after a 
time, unless steps are taken to keep up a steady stream of new varieties. 



VEGETABLES, BOOT CROPS, AND OIL-SEEDS: GROUNDNUT. 323 

There is evidence to show that with proper rotation and careful 
treatment, the crop on the Government farms does not rapidly deteriorate. 
How far this is permanent, or merely a postponement of au inevitable 
decline, is not yet known ; but it is a clear indication of the beneficial 
effects of good cultivation and especially rotation ; the latter, which 
is often neglected by the growers, is particularly necessary with 
this crop. 

Another leaf spot caused by a species of Cercospora which seems 
to be as yet undescribed, is common od groundnut leaves in India. The 
spots resemble those of tikka disease, except in being less regular, lighter 
in colour, and not so sharply defined. The surface bears scattered, tiny, 
black points, instead of the larger, concentrically arranged, brown 
cushions of Cercospora personata. 

The attack develops later than tikka and is not usually severe until 
after the nuts are formed. This, and the comparative absence of leaf 
Shedding, account for the little harm caused by moderate attacks.JJ Occa- 
sionally severe outbreaks have been seen, in which the number of spots 
was sufficient to cause the leaf to wither. In these cases, the leaflets were 
shed as soon as they had turned yellow, whereas in tikka the whole leaf 
often falls while still green except for a few spots. 

Shade and excessive moisture are predisposing causes. In dry 
areas such as at Dhulia (Khandesh) there is much less than at Poona or 
in the eastern portion of the Central Provinces. 

No treatment has been attempted for this last disease and, generally 
speaking, none is required. 

Root rot ( Hypochnus Solani Pril. & Del., Rhizactonia destruens 
Tassi and R. sp.).— Groundnut is known to be attacked by the same two 
forms of Rhizoctonia in India as are found on the cowpea (p. 262) and 
also by R. destruens (p. 290). The disease is fairly common in the 
Bombay Presidency but is sporadic as a rule and not, like tikka disease, 
found throughout whole fields. 

The general symptoms of the disease and the characters of the 
parasites have already been described under cowpea and potato. An 
important difference is that the underground nuts are sometimes 
attacked by the small, black Rhkoctonia, and the hyph© may even 
penetrate into the embryo of the seed. Naturally, the position in 
which the nuts are developed renders them particularly liable to 
infection by soil-dwelling fungi. 
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It is probable, therefore, that some advantage may be gained by 
disinfecting the seed when known to come from contaminated soil. In 
the case of the potato, the use of formalin or corrosive sublimate has 
been found to reduce damage from Rhizoctonia, but here again rotation 
and good cultivation are the most important measures to adopt. 

The small, black Rhizoctonia from cowpea and cotton is able to 
attack groundnut, but less virulently than the strain from groundnut 
itself ; from jute, groundnut is, under normal conditions, not attacked 
at all. 


LINSEED ( Linurn usitatistimum L.). 

Rust ( Melampsora Lint (Lk.) Desm.). — This is one of the commonest 
crop rusts in Bihar and other districts where linseed is extensively grown. 
It occurs every year without fail at Pusa and is sometimes nearly as 
intense as a bad epidemic of wheat rust. At Pusa, flax has never been 
attacked, though grown for several years in the neighbourhood of severely 
infected linseed. As the two crops are merely cultivate^ races of the 
same plant, this indicates a degree of specialisation as great as that of 
the bean anthracnose (see p. 259). Flax was, however, badlv attacked 
by rust in the Nilgiris a few years ago, and it was thought wise to destroy 
the crop (an experimental one) in order to prevent the flax strain of the 
parasite, which wbb doubtless introduced with the seed, from estab- 
lishing itself in India. The rust is known on flax and on several other 
species of Linum in North and South America, Europe, Africa, Asia, 
and Australia. Each species seems to have its own specialised race. 

AfEected plants are very conspicuous owing to the bright orange- 
coloured pustules with which the leaves and stem are covered. At a 
later stage, as the crop ripens, the spots are mostly reddish-brown, 
turning to black, and are crust-like rather than pustular. 

All four spore stages, spermagonia, soidia, urodo, and teleuto, occur on the samo 
plant, though the first two have, bo far, only boeh recognised in the United States. 

The spermagonia have been found on rather youngish plants and probably only 
appear quite early in the season. They are small, inconspicuous, pale yellow, and of a 
flattened globoid or lens-shape. They are situated under tho epidermis and may bo in 
groups or scattered on both surfaces of the leaves. Their breadth » 100 to 17 5ft and they 
mo 05 to 95 ft high ; the spores, whioh are borne on branched stalks (Fig. 133, 2), moasure 
3 to 4 by 2 t<? 3p, and there are no paraphysal filaments at the mouth. 

The ascidia an mostly on the under surface of the leaves, scattered, round, 200 to 400ft 
in diameter, and bright orange-yellow in colour. They develop under the epidermis and 
burst out, surrounded by the tom tissues but without any peridium such as occurs in 
Puccinia gramtni is. This absence of the peridium is characteristic of what is known as 
the Cworaa type of ecidium, common to all Melampsoras. The spores are in chains. 
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roundish, 21 to 28 by 10 to 27 p in diameter, with a colourless, thin, warty wall and no 
distinct pores. They are formed by the division of a oell whioh arises from the fusion of 
two or more oells at tho base of the soidium in a kind of sexual process, the union of the 
nuclei being, howover, delayed up to the teleuto stage (Fig. 133, 4 — 7). 

The uredo son arise from a mycelium derived in tho early part of tho soason from 
the eeoidiospores, later on from 
infection by the first-formed 
urod os pores. They occur on both 
sides of tho leaves, and on the 
stom and infloresconoe. They are 
scattered or clustered, round on 
leaves, elongated on the stem, up 
to 1& mm. across, powdery, pro- 
minent, and orange-ooloured. The 
spores aro roundish or ovate, 15 to 
25 by 13 to 18/x in diameter, with 
a colourless wall provided with fine 
wartN and with indiHtinot, equa- 
torial pores. Paraphysos aro 
mingled with the spores and are 
largo, strongly capitato, 40 to 65/tx 
long by 15 to 22^ thick, and often 
curved (Fig. 133, 8). 

The teleuto soii are reddish- 
brown, thon black, shiny, ofton 
confluent, and form flat crusts on 
tho leaves and stem. They often 
appear in tho centre of a group of 
uredo sori. Tho spores are fonnod 
under the opidermis in a single 
layer of closely united, cylindrical 
colls, polygonal in section, and 
measuring 42 to 60 by 10 to 20 fi 
(usually about 55 by 10p> in India) 

(Fig. 133, 9). At the base of tho 
sorus are short, cubioal oells, whioh 
lose their oontent as the spores 
develop. Tho germination is difficult to securo and is presumably of the usual type for 
the gonus, by the production of a 4-oelIed promyoelium from tho end of the spore, each 
cell then bearing a small, round, yellowish "sporidiura. 

Unlike the oereal rusts, tho germinating teleutospores can infect, by means of their 
sporidia, the same host on whioh they were borne. Sowings on flax have given sper- 
magonia in 8 days and recidia in 12. There is no reasonable doubt that tjiis is the normal 
way in whioh tho fungus is carried over to the new crop, and it also probably explains 
the reported conveyance of the disease by seed from Calcutta to Assam and Australia, 
since fragments of straw, bearing teleutospores, might easily find their way in with the 
seed. 

The injury caused is considerable but is more difficult to estimate 
in linseed, where only a reduction in the amount of seed is caused, than in 
flax, where the fibre is rendered brittle and the damage is obvious. In 
the Central Provinces the rust appears in late November ; in Bihar a 



i. 133. Linseed rust ( Melamptora Lini ) : 1, part 
of plant with sori ; 2, branched oondlophore 
from spermagonium, X 750 ; 3, £ spermatium. 
X 1125 ; 4, young SBoidiura, X 600 ; 6, paired 
oells of same, x 760 ; 6‘, fusion of cells, x 500 ; 
7, formation of eooidlospore, x 376 ; 8, part 
of uredo sorus, x 375 ; 9, part of teleuto sorus 
with fusion of nuclei, xf 375. (2— 0 after 

Fromme). 
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month or more later. In severe attacks, whole fields may he reddened 
by it and the crop rained so as to be hardly worth the trouble and expense 
of harvestings Such damage has not been observed at Pusa. At 
Dumraon, actual losses of over 28 per cent, by weight, in the seed of 
individual plants, have been recorded. 

Direct treatment is no more likely to prove successful with this rust 
than with any of the others previously considered. There is, however, a 
decided possibility of checking infection by carefully destroying all the 
stubble and the debris from the threshing floors, since the teleutospores are 
not set free until the host tissues entirely disintegrate. If flax maintains 
its absolute immunity to the linseed rust in north India, it may be worth 
attempting to obtain immune crosses between the two, though there will 
probably be difficulty in getting a heavy seed yield with flax as a parent. 
This is, however, a matter for the Agricultural Departments and not for 
cultivators to consider. 

CASTOR ( Ricinua communis L.). 

Seedling blight ( Phytophthoro 'parasitica Da^tur). —This parasite 
causes the moBt injurious of the fungus diseases of castor in India, 
destroying the seedlings and attacking the leaves of older plants. It has 
only been observed in the north-east up to date and is not known to occur 
outside India. The same fungus has, however, been found capable of 
infecting quite a number of plants, and it seems improbable that it is 
restricted to a single area. 

The disease usually begins during the monsoon, when the plants are 
six to eight inches high. In low -lying, badly drained fields especially, 
30 or 40 per cent, of the seedlings may damp off. The first indication of 
attack is the appearance of a roundish patch, of a dull green colour, on 
both surfaces of a primary leaf (cotyledon). This spreads to the point 
of attachment, causing the leaf to hang down in a rotting condition. 
Extension to the stem follows, and the seedling is killed either by the 
growing point being involved or by collapse of the stem. When true 
leaves of Beedlings and the very young leaves of older plants are attacked, 
the disease similarly spreads down the petiole to the stem. The older 
leaves of large plants are also often attacked, but in this case the parasite 
remains localised on the leaf blade. Direct attack on the stem it only 
found in quite young seedlings ; stems of plants three to six months old 
are immune from serious damage, though superficial injury occasionally 
occurs. This appears to be due to the structure of the tissues, the 
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cutioularised epidermis of older stems being able to resist penetration, and 
any entry through stomata being soon checked by the thick walls of.. the 
subjacent tissues. It is perhaps due to physiological causes that internal 
spread from the leaf blade to the petiole, and thence to the stem, does not 
occur, except in young plants or in very young leaves. The flowers and 



FlO. 184. Outor seedling blight (Phytophthora paratitiea) leaves with spots, 
showing both surfaces. 


green fruits can be successfully inoculated in the laboratory but have 
not been found attacked in nature, as the fungus has ordinarily oeaBed 
its activity at the time of flowering. Exoept in seedlings, the leaf attack 
does little damage to the crop when grown for seed. Of late yean, 
however, castor has become somewhat extensively cultivated as a food for 
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the 2?n-silkworm. The leaf disease is more harmful in this case, as the 
worms do not thrive when fed with diseased leaves. 


The leaf spots rapidly turn yellow and then brown. As centrifugal 
spread goes on, concentric zones of darker and lighter brown are found. 
The outer border is ill-defined, greenish above, brownish-grey below. 
Two or more spots may coalesce, often covering almost the whole of the 
leaf. The veins offer little resistance to spread, even in mature leaves. 
Diseased leaves tend to fall prematurely. 

On the under surface of the leaf spots and also in moist weather on 
affected stems, a very fine, whitish haze, hardly visible without a lens, 
can be found. This is the fructifying stage of the fungus. 


The mycelium within the tissue* is both intra-and intercellular (Fir 135, 2). 

Haustoria aro sen roe and 



it is oven open to doubt 
whether the haustoriuni- 
liko bodies found within 
the colls are anything else 
than yowag intracellular 
hyphffl. All the leaf tissues 
are invaded, even the flbro- 
vasoular bundles, the 
hyphffl entoring thick- 
walled cells and vessels 
through the unthickenod 
gaps. After a few days’ 
growth within the tissues, 
numerous branches pene- 
trate the lower epidermis 
to roach the surface and 
become sporophores. These 
emergo usually through the 
stomata or between two 
adjacent oells, less often by 
breaking through an epider- 
mal cell. They oome out. 
singly or sometimes in 
twos or threes, novor in 
larger dusters. 


i : 1 , surface of leaf 
mb in tlwnw of stem, 
x 160i S. ft~ sjpomngium dteharging, x 200 ; 4,1 
sooepore. x 820 ; 5, a sporangium germinating by 
germ-tabes and secondary sporangia, x 60 ; 6 , chla- 
mydospores, one germinating Ann forming a secon- 
dary sporangium, xWj 7, oospore showing antheri- 
dium enoireung the stalk, x 680, 


The sporophores are 
slender, unbranohed, and 
of variable length, from 35 
to over 500p (usually from 
100 to 800 fi). At the tip 
of eaoh is a single, colour- 


less, ovoid or roundish 


sporangium (Fig. 136, J), measuring from 25 to 50 by 20 to 40^- in diameter, whioh 
falls off when ripe without any stalk. A small but distinot papilla is found opposite 
tke point of attaduhent to the stalk, and the ripe sporangium, when sown la water, 
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liberates zoospores through the opening formed by the rupture of the wall at this spot 
(Fig. 135, 3). The number of zoospores formed varies from 5 to 45 (average about 30) 
In artificial culture, the sporangia vary within wider limits than on the leaf and their stalks 
are sometimes irregularly branohed. Lateral and interoalar sporangia (the latter usually 
round) are also found in culture. 

The zoospores are of the ordinary Phytophthora type (Fig. 135, 4). Their discharge 
is more readily obtained at a moderate than at a very high temperature Light influences 
tho discharge favourably, while darkness inhibits it. Cultures kept m the dark from the 
beginning, form no sporangia until brought into the light. Moisture is equally necessary 
for the production of sporangia, which fail to develop on inoculated plants kept in a 
dry room. The zoospores oomo to rest in from 20 minutes to two hours after disoliargr, 
and germinate about 15 minutes later by ono, or rarely two, germ-tubes. 

As in other allied speoies, many sporangia, especially old ones and Uiubo not sown 
in pure water, germinate directly by ono or more germ -tubes instead of liberating zoo- 
spores (Fig. 135„ 5). These germ-tubos may form a mycelium or dovelop secondary 
sporangia, whioh again may germinate directly or may form zoospores 

In cultures and on inoculated castor fruits, a second spore form, chlamj'dospores 
similar to those described in Phytophthora Colocaaia , is produced. They are round, 
thick-walled, yellow bodies, 20 to 60/x in diameter, and formed either at the end or in t he 
course of a hypha (Fig. 135, 6). Extremes of temperature, such as retard the formation 
of sporangia, do not affect tho production of these spores, which are finely formed in the 
hot, dry months when sporangia are scanty. They retain the power of germination for 
many months after the sporangia and hyph® are doad. They give out one or more 
germ -tubes, whioh may form a small mycelium, or sporangia, or new ohlamydosporos 

Oospores (Fig. 135, 7) have been obtained in artificial cultures of the fungus on 
certain nutrient substances but, as in the oaso of the two allied spoeios whioh cause 
potato and Colocasia blight, they have not, bo far, been discovered in diseased plants, or 
anywhere else but in tho laboratory. They agree in their general characters and mode 
of formation with those of the two species referred to. The anthoridium is first formed 
ns a swelling at the end of a hypha or in its middle. After this is cut off by one or two septa 
according to its position, tho branch which is to form the oogonium grows through it and 
out on tho other side, immediately swelling up as it emerges into a nearly round cell, cut 
off at the base by a septum. This is the oogonium. The oospore now forms within the 
oogonium, noarly, but not completely, filling it. The oogonium measures 15 to 27p> in 
din motor (average 23'8/x) and has a thick, yellow wall. The oospore varies from 13 to 24 /x 
(average 18-6/a) and is round and odourless. At the base of the oogonium, the anthen 
dium remains attached for a long time. Those spores have not boon germinated, but it 
is oertain that they preserve their vitality for long periods. Like the clilamydosporeB, it 
is probable that, if formed in nature, they serve the purpose of carrying the parasite over 
from one crop to the next. 

Experiments indicate that the fungus remains in some form in the 
soil of diseased fields for at least several weeks. Seedlings sown in soil a 
month after the previous crop had been killed off, were attacked at the 
soil level and collapsed. After two months, no attack occurred. The 
regular recurrence of the disease at a certain period each year, some nine 
months after the laBt trace of the previous attack has disappeared, 
suggests that the infective matter does, however, persist in the soil, 
perhaps in very small quantity. A single germinating chlamydospore 
Would be enough to start the disease if it reached a leaf or young stem, 



330 


FUNGI AND DISEASE IN PLANTS. 


and subsequent spread would readily result from the first-formed 
sporangia, provided the weather conditions were suitable ; the sporangia 
are light enough to be freely disseminated by the wind, and in damp 
weather they would germinate readily on the leaves. Inoculation 
experiments prove that the germ-tubes of the zoospores enter rapidly into 
the leaf, both through the stomata and directly through the epidermal 
cells. The new spot of disease is visible within 24 hours and new sporangia 
are formed in two days. 

This fungus has been proved capable of infecting a number of plants 
of different kinds, when artificially inoculated. Amongst these are young 
potato, tomato, and brinjal plants, and seedlings of several garden annuals. 
It has been found also causing a leaf disease of til (Besamhm) and it, or 
a closely allied species, attacks the flowers of Sida cordifolia, a wild, fibre- 
producing plant. 

This disease would probably not repay direct treatment by spraying. 



Fro. 136. Oaator rust ( M$lamptor§Ua Rieini) : 1, under surface of 
leaf with tori, x * ; t part of young a redo some, x 430 ; 3, 
■pore stalk, x 200 ; 4, uredospores (thin and thiok walled), 
x 200. (IS-4 after Ajrekar). 


as it is not nearly so virulent as potato blight or even Colocasia blight. 
It is only in damp, low-lying localities that it seems to be able to do 
damage and the sole recommendation that can be made at present in 
regard to it is to avoid growing the crop in each situations. 

RllSt {MekmpsoreUa Rieini (Biv.-Bern.)<tde Toni).— The rust of this 
crop is very common in the southern half of the Bombay Presidency and 
also occurs in the Central Provinces. It is known in southern .Europe, 
north* east, and eonth Africa, and Ceylon* but always, as in India, in the 
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uredo stage only. The complete life-history is, therefore, unknown and 
it is doubtful that it belongs to the genus Melampsorella. 

The disease usually appears in Bombay between November and 
February, on castor sown in June as an annual crop, reaching its height 
about January. It has been found in September near Poona on old 
plants, and in this case had probably persisted through the hot weather. 
In severe attacks, practically every leaf is thickly covered with rust 
pustuleR, the effect being to cause them to dry up and wither prematurely. 

The uredo non are borne chiefly on the under aurfaco of the leaf, rarely on the upper 
surfaoo. They are often grouped in small circles, and two or more frequently ooalesco. 
They are at first covered by the epidermis and a layer of fungal cells, but become exposed 
later on, being then powdery, raised, and orange-yellow in colour. The upper surfaoe of 
the. loaf is marked by corresponding small, roundish, yellow spots. 

The hyph® within the leaf collect in masses below the epidermis, forming a min ute 
cushion. The layer next under the epidermis is formed of polygonal cells, derived from 
specialised hyph®. Below this, the spores are produced on curiously branched hyph®, 
only some of the branches bearing uredospores at their tips, the others being sterile. Stout, 
club-shaped paraphyses are also intermixed with the spores. Ah the sorus matures, 
the epidermis and “ peridium ” (or oovering of fungal cells) are ruptured and the spores 
set free to the air. 

The uredospores are round or elliptical, finoly warty, and with orange contents. In 
fresh sori, two kinds may often bo distinguished, one with very tluck and the other with 
thinner walls. In old, dried soii, the proportionate number of thick-walled spores increases. 
Both sorts agree in other respeots and germinate similarly. Their site varies from 25 to 29 
by 19 to 2r>fi. On germination, sovoral germ-tubes omergo through the pores in the wall 
(which are up to 6 in number) but only ono usually continues to grow. The uredospores 
are capable of infecting the oastor leaf and producing fresh uredo sori, but the further life- 
lustory, if any, is unknown. 

No suggestions for treatment can be given, beyond removing the 
leaves which are first attacked, in order to check spore dissemination. 

Leaf spot ( Cercosporina ricinella (Sacc. & Berl.) Speg.). — This is 
very common at Pusa and doubtless in other parts of India, causing 
much injury to leaves intended as food for the 2£n-silkworm, but 
otherwise doing little damage to the plant. It is known also in North 
America, Australia, Ceylon and China. 

The leaf spots are visible on both surfaces, at first as minute, black 
or brown points, which soon become surrounded by a pale green ring. 
Ab they enlarge, the centre tlums pale brown and then greyish- white and 
the margin forms & deep brown band, which may be narrow and sharp or 
broad and diffused. In the tvhite centre, tiny, sharp, black dots may be 
seen, the conidiophore clusters of the fungus. 

The spots occur often in great numbers, scattered over the leaf. 
They are roundish when young but may become irregularly angular when 
mature, ^ are often checked in growth by the main veins of the leaf. 
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They varv in size from £ to 3 mm., or rarely more. When many are close 
together, the intervening leaf-tissue withers and large brown patches of 

dried leaf may result ; 
but, even in this case, the 
individual spots can be 
made out by their deeper 
brown margin. 

Tho growth of tho mycelium 
in the leaf is strictly limited 
and ceases when reproduction 
begins The hyphee colleot to 
form very small stromata 
under the epidermis, through 
any part of which, not alone 
through tho stomata as occui s 
in many allied fungi, tho clus 
tors of Gonidiophores emerge 
The uomdiophores aro in 
groups of from 10 to 20, clear 
brown below, lighter towaids 
the tip, soptat^ sevoiftl times, 
un blanched, and measure from 
24 to 70 by 3 to 0 5ft Tim 
uppei pait is usually knobby or 
flexed on account of furtliei 
growth taking placo below each 
conidium, as is usual m tho 
genua 

Flo 137. Castor leaf spot ( Cerrotporina ririnella ) 

leaf showing spots, x \ ; comdiophoi es and Tho conidia are elongated, 
conidia, x 200. almost odourless bodies, taper- 

ing above and truncated below, 
straight or slightly curved, and divided by several (up to 7) transverse septa 
They are up to 105ft long by 4 to 6 5ft broad 

The damage done by this fungus is practically confined to crops 
grown for Un-silkworm food, the insects disliking the spotted leaves and 
suffering when fed on them. As leaves for this purpose cannot be 
sprayed, the only hopeful way of attempting to check the damage would 
seem to be the use of immune or resistant varieties, if any such exist or 
can be produced. No experiments in this direction appear to have been 
attempted. 




CHAPTER IX. 

DYE, DRUG, AND SPICE CROPS. 

TOBACCO (Nicotiana Tahacum L. and N. rustica L.). 

Bacterial wilt (Bacillus solanacearum Smith). — This disease 
occurs annually in the Rangpur district, Bengal, one of the most import- 
ant centres of tobacco cultivation in that Province. It has been known 
for many years under the local name of “ rasa,” signifying moisture, 
the popular idea attributing it to excess of soil moisture. There is no 
information as to its occurrence in other parts of India, but it is reasonable 
to suppose that it exists elsewhere, especially as the potato disease caused 
by the same bacillus appears to be fairly widely distributed (see p. 274). 
Outside India, it is known in the United States, Japan, Sumatra, Java 
and probably elsewhere. 

The distribution of the disease in the infected fields is irregular and 
patchy. The cultivators, as is -so often the case, express but little 
anxiety over its occurrence, regarding it as an inevitable dispensation 
of Providence ; thi& is, no doubt, due to the generally low average of cases, 
which seldom amount to more than 5 or 6 per cent., though some fields 
with 20 to 25 per cent, of affected plants may be seen. As the disease 
has not been under observation for many years, it is, of course, possible 
that more severe outbreaks may occur, like those known in parts of the 
United States and, especially, in Sumatra. 

The symptoms resemble those of other wilt diseases, the base of the 
stem and the main roots being discoloured and partly rotted, while the 
green parts (leaves and green shoot) undergo a progressive withering. 
On splitting the stem, the brown colour of the tissues is found to extend 
from the surface inwards to the pith, and to spread from the collar (prob- 
ably the usual point of infection) up the stem and into the leaves. It 
is visible externally as dark brown streaks on the stem, and midribs of 
the leaves. Shrinkage of the tissues in the neighbourhood of the point 
of attack has been noticed in some cases, particularly in artificial inocu- 
lations above the ground level. The harder tissues at the ground level 
would naturally show this less, where the infection occurs at that point. 



334 


FUNGI AND DISEASE IN PLANTS. 


Similar shrinkage may be seen sometimes in the tissues of The leaf bases, 
when the leaves wither, and also in the young shoot poisoned by^the 
toxins produced by the parasite 

On miorosoopio examination, markod necrosis and disintegration of the tissues of 
the diseased parts is found The middle lamella of the dividing walls between adjacent 



Fio 138 fiacteiial wilt of tobaeco ( BaciUwt volanaceai um ) wilting of 

plant artificially inoculated at A 


cells is dissolved and the colls consequently separate from one another The cells 
themselves, particularly near the point of infection, are filled with masses of baotenal 
slime, which also oozes out of the out ends of the vessels This slime oontams a large 
vaiiefcy'of beotena, as numerous saprophytic organisms follow in the wake of the true 
parasite It is only in the earlier stages that £. totanaceamm predominates In Artificial 
modulations, the baotede are at first oonfined to the particular set of water veesels into 
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whioh the original inooulation took place, and the leaves occurring vertically above this 
point are the first to show symptoms of wilting. Lateral spread takes place later on. 

The symptoms appear to be due more to the aotion of toxins seorotedTby the parasite 
in destroying the coll protoplasm and walls, than to any direct mechanical interference 
with the water supply, owing to the vessels being stopped by baoteriul masses. The 









Fig. ISO. Bacterial wilt of tobaaco (Bacillus solanacsarum ) . necrosis of tissues 
and separation of cells by solution of the middle lamella. 

microscope shows that this plugging not sufficiently pionouncod to cause wilting, and 
experiments intended to causo similar symptoms by cutting the vessels and introducing 
plasticine (moulding wax) failed. On the other hand, wilting and disintegration of the 
tissues o&n be oaused by the injection of a solution of toxins from cultures of the bacillus, 
freed from living baoteria. Death of the cell protoplasm, of courso, oauses the tissues to 
wither, and the water supply is interfered with by the cessation of osmotio aotion. At a 
later stage, no doubt, the water supply is further checked by the formation and accumula- 
tion of gum massos in the vossels. Such gum masses are a prominent feature of the disease 
(Kg. 43). 

The parasite is a minute, roil -shaped or oblong bacillus, from 1 to 1‘5 /a in length by 
OHM in breadth. No flagella have been observed and the motility is doubtful in the 
strains. The cultural characters, which in the group of plants to which this 
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organism- belongs are of great importance in recognising the identity of species, are as 
follows : — 

Agar slant . — Growth white moist smooth becoming sepia brown ; agar stained. 

Gelatine.-- Colonies round white thin; opalescent; brown under magnification, by 
transmitted light. No liquefaction. 

Bouillon . — Turbidity on shaking ; alkaline reaction. 

Potato . — Growth watory and colourless at first, then opaque white, brooming brown 
and finally bitumen black. 

Glucose bouillon.— No acid or gas. 

Pure oulturos of this organism, which quite agrees with B. solanacearum Smith, except 
in the absence of flagella and motility, produce the disease when inooulated into healthy 
tobaoco plants. Potato cultures produoe obvious symptoms in from 5 to 8 days when 
inooulated by a single needle prick into the stem, whereas agar oulturos require from 
g to 12 days, and those in bouillon seldom show results under 18 days. Strains whose 
virulenoe has boon reduced by culture on artificial media sometimes require as much as 5 
weeks. When the dark brown pigment found in the later stages of oulture on potato and 
agar has appeared, the virulence is lost. 

In the field, the infecting bacillus is probably unable to gain entrance 
into the plant, except through the wounds caused either by some mecha- 
nical agency or by soil nematodes or insects. The operations of trans- 
planting and interculture and the practice of removing the^Jower leaves, 
no doubt afford numerous channels of entry into the base of the stem 
or upper roots. Attempts to produce the disease by watering the soil 
with cultures of the parasite failed, except when previous injury to the 
roots had taken place. Recently transplanted plants can be infected in 
this way, owing to the disturbance of the root system and lowered vitality 
consequent on the operation. No connection has been traced between 
the soil conditions and incidence of the disease, beyond the general lack 
of good root development in diseased plants. So far from excess of 
moisture being the cause of the disease as supposed by the cultivators, 
it is probable that lack^f moisture during the long rainless period of 
the cold weather in Bengal reduces the vitality of the plant and increases 
the channels of infection by accelerating the casting of the lower leaves, 
before they have been cut off at the base by the usual protecting layer 
of cork cells. As a matter of fact, the attempts of the cultivators to 
dry the soil by repeated shallow ploughings and hand hoeings, actually 
have the opposite effect, in tending to conserve the soil moisture by the 
formation of a surface mulch. 

The treatment depends more on the adoption of suitable methods 
of cultivation than on any direct attack on the bacillus. Field practice 
should aim at conservation of the soil moisture and development of the 
root sytem, so as to produce better grown and, consequently, more 
resistant plants. It has been found also that the parasite does not 
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survive a temperature of 50°C. for 30 to 40 minutes, and the intense heat 
of the sun in India, at certain times of the* year, renders it possible to 
make use of the bactericidal effect of such high temperatures. 

Efficient hot weather cultivation is, therefore, of importance in 
several ways. It will help to destroy a large percentage of those bacteria 
that remain in the surface soil, and in diseased and dried up tissues ; the 
exposure of the surface soil to high temperatures in the hot weather in 
Bengal is, no doubt, largely responsible for the absence of accumulation 
of this disease which has been noticed at Rangpur. Hot weather culti- 
vation also results in securing a better water supply in the soil during the 
following cold weather ; the root development is consequently encouraged 
and the vigour and vitality of the plant increased. The methods of the 
best Rangpur cultivators should be followed and extended to affect 
a deeper soil stratum, so that in addition to maintaining a loose surface 
mulch during the growth period, increased root development may also 
be secured. Particular attention should be paid to drainage, as this 
is of vital importance in producing a vigorous root development. 

Transplanting should be done early, while the plants are still small ; 
in this way there is less risk of injury to the plant either by loss of roots 
or leaves, fewer channels of entry for the parasite are formed, and the 
lowering of resistance of the plant to attack lessened. 

If nematodes oi other soil organisms should be found injuring the 
roots, the adoption of tome measures calculated to check their activity may 
be required. Trap cropping for nematode's, such as is employed in 
America, where such plants as cowpeas are first grown and, when well 
infested with nematodes, pulled out and destroyed, might be tried. 

It has been found in the United States that the use of ' mineral 
fertilisers which tend to produce an alkaline reaction in the soil, such as 
carbonate of potash, lime, and ashes, has a decidedly prejudicial effect 
on the root growth of tobacco ; such a condition would almost certainly 
conduce to the multiplication of B. solanacearum (which produces an 
alkaline reaction in the tissues infected by it and, therefore, presumably 
prefers an alkaline condition), while at the same time weakening the 
plant in its lesistance to attack. This aspect must be borne in mind, 
if the use of such fertilisers becomes common in India. 

The length of time the bacillus can live in the soil is not known. 
In United States, rotation greatly reduces the disease, provided 
a susceptible crop is not grown oftener than once in five years. 

B, DTO * 22 
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Id Sumatra the bacillus is said to remain for eight years or more, in 
the absence of tobaoco. 

No variety of tobacco has yet been found to resist the disease, though 
very extensive tests have been carried out in Sumatra. Attempts are 
now being made in that country to obtain resistant forms by selection 
and crossing. 

Besides tobacco and potato, the same parasite is known, outside India, 
to attack a good many other plants, some, such as tomato, brinjal, and 
•dhatura, belonging to the same family, others not related. In all it has 
been found on 15 species, belonging to 5 families, in Sumatra. Groundnut 
Java indigo, chillies, and til are amongst these, and in India may be 
expected to suffer from at least an occasional attack. 

A tobacco disease of the 41 wilt ” type sometimes does a good deal of 
•damage in Gujarat, but it has not yet been settled whether it is due to 
the above cause or to a Fusarium. 

Mildew ( Erysiphe Cichoraceanim DC.). — The powdejy mildew of 
this crop is not common in Bihar, but occurs 
fairly often at Rangpur (Bengal) under certain 
conditions, and also hi parts of Madras. It is 
known in south Europe, Ceylon, the Dutch 
Indies, Australia, and South Africa, though, as 
the perithecial stage is rarely formed, there is 
some doubt whether these are all due to the 
same species. 

The mildew forms a fine whitish web on the 
leaves, chiefly on the upper surface but also 
underneath ; this becomes powdery when 
spores are formed. At first the patches may 
be small and isolated, but they soon join and 
may cover a good part of the leaf. In the 
neighbourhood of the larger veins, the covering 
Fig. 140. Tobaooo alldaw is usually thicker than elsewhere. 

,Hry$ipk4 OMotmmi 

daw! x With 10,1 Affected leaves wither and turn brown, at first 
in the densely covered parts, later over the rest 
•of the surface. The tissues dry up and are easily broken. Usually 
the lower leaves are first attacked, the disease appearing at a time 
when the crop is sufficiently grown to afford shade to the lower leaves. 
Later, the middle and upper leaves may be affected, and in shady* localities 
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or where the crop is very dense, the spread may be rapid* Seedlings are 
reported to be sometimes attacked in other countries. 

Tha parasite is confined to the surface of the leaves, sending only suokers (hailstorm) 
into the epidermal oells. The myoelium forms a fine or dense network according to the 
vigour of its development, composed of brandling hyphaa, from which upright nhaina of 
conidia, of the customary oidial type found in the mildews, arise. The chains consist of 
several cylindrical or barrel-shaped spores, 26 to 35/* long by 15 to 20/* broad, rounded 
at the ends, and hyaline. They are readily detached and germinate in water or very 
moist air, forming usually a single germ-tube. These spores do not preserve their 
vitality for long, and oannot, by themselves, cany over the disease from one season to the 
next. 

At a later Btage, the pentheoial spore-oases, which alone, in this group of fungi, permit 
of the ready identification of species, have been found in south Europe on rare occa- 
sions. They prove the fungus to be the same as that already described as causing tha 
mildew of bhindi (p. 306) and Cephalandra (p. 314). This stage of the parasite has not 
yet been discovered in India or Ceylon. It consists of minute, blaok dots, found partly 
immersed in the white patches and soaroely visible to the unaided eye. Each dot 
consists of a single spherical peritheoium, agreeing with those already described on p. 306. 
The aaoi are usually about 10 in number and contain, as a rule, two spores each. 

The development of the fungus depends largely on the humidity of 
the air around the leaves, and a suitable range of temperature. In 
Kangp ar, the disease has only done damage in heavy crops in shady local- 
ities. In other countries, badly drained fields have been reported to 
suffer considerable damage in wet seasons. 

The treatment should be directed, in the first place, to securing proper 
aeration of the plants by wide spacing and the avoidance of shade. No- 
thing seems to be more effective in checking the spread of the fungus 
than direct exposure to sunlight, and for this purpose planting in pro- 
perly spaced rows is important. Excessive moisture during the tobacco 
season is less to be feared in India than in most other countries, and the 
absence of the disease in Bihar is probably largely due to the 
dryness of the tobacco fields during the cold weather. In other local- 
ities it may be necessary to avoid low-lying fields and to attend to drain- 
age. Clean cultivation is especially necessary where this disease is pre- 
valent, both because the fungus is known to be able to attack various 
weeds and may, perhaps, be carried over from season to season on these, 
and because clean cultivation promotes aeration and keeps the surface 
soil dry. 

The use of Bulphur, so valuable in allied diseases, is difficult in tobacco, 
as the leaves may still retain some of the fungioide when plucked, and 
the quality of the tobacco be ruined. In Italy, it is sometimes dusted 
on the lower leaves at the time of first appearance of the disease and these 
leaves, being considered of little value, are not harvested. As the disease 
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almost always begins from below, good results are said to have been 
obtained by this practice. In India, hand picking of all infected leaves at 
the time of removing the lower ones would probably be preferable, but 
care should be taken to place them at once in a bag or something of the 
kind, so as to avoid scattering the spores on non-infected leaves. The 
picking should be done in the morning on dry, sunny days, so that the 
disseminated spores may have less chance of germinating. There would 
be no objection to sulphuring the seedlings, should the disease appear 
in that stage. 

There is some evidence that certain varieties of tobacco are less 
susceptible than others, this being the case with Virginia and Kentucky 
varieties grown in Italy. It is not known whether this applies to any 
of the varieties found in India. 

A disease known as “ Kapti ” in the Azamgarh district of the United 
Provinces is, from the description, very possibly identical with the above 

Leaf spot ( Cercospora Nicotiance Ell. & Ever.). — This disease is quite 
common in India and occurs also in almost all tcbacco k *growing lands, 
though apparently rare in Europe. Beyond injuring leaves intended 
as wrappers for cheroots, it does not seem usually to do much damage. 
Even the wrappers ire not injured if the spots are not too numerous and 
the dried tissue does not crack and fall out. In some places such leave** 
are prized as marking certain brands of cigars. 

Small, roundish spots, about J to 2 cm. across, appear on the older 
leaves. Usually spread is limited, as with most parasites of this genus, 
but sometimes, especially at the tip, several may combine and large, 
irregular patches result. The spots are brown, becoming gradually 
white in the centre and drying up. In Sumatra, two distinct types 
of disease have been described, one causing reddish-yellow speckles 
and the other black spots. The fungus qccurs on both and one can be 
produced by inoculating from the other. 

The mycelium is found between tho coils, which arc rapidly killed. Small clustoi* 
of hyph® collect in the spaces below the stomata and send bundles of conidiophoroi 
through the opening. They are most numerous on the under surface. 

The conicuophores are unbranohed, greemsn* Drown, up to 2B0fi long by 4 to 6u broad, 
with 1 or more septa, and bent in the manner usually found in the genus. 

The oonidia are straight or slightly curved, very long in proportion to their breadth 
almost colourless, with from 2 to 12 septa, and SO to 180 by 4/t* in diameter. 

The species in the Dutoh Indies was at one time considered distinct from that in tho 
United States, but tho Indian and Ceylon forms are so variable that probably all belong 
to the one fungus. 



DYE, DRUG, AND SPICE CROPS I TOBACCO. 


341 


Overcrowding and excessive moisture within the crop are considered 
in the Philippines to increase the severity of the disease, while open 
planting and the early removal of the lower leaves diminish it. When 
the leaf cracks or dries from too many spots, the damage may be 



Fig, 141. Leaf spot of tobacco (Cir corpora Nicotiana) : 1, part of 
young leaf with spots, x i ; 8, spots on mature leaf, x £ ; 
conidiophores and nonidia, > 200 ; 4, conidia germinating on 
leaf and germ-tubes entering stomata. (4 after Sturgis). 

serious. In tobacco for native consumption in India, the effect is 
insignificant and no treatment is required. 

Mosaic disease. — By this name is known a peculiar disease of 
tobacco found apparently in every tobacco-growing country of the world, 
and in the sum total of its effects undoubtedly the cause of greater losses 
than any other disease of the crop. It is, perhaps, the best known ex- 
ample of a group of diseases of obscure origin, in which not only has no 
parasite been detected, but there is strong reason for believing that none 
of any type known to us can exist. Some hold that it is a physiological 
disorder, due to an innate alteration in the processes or functions of 
the plant, not brought about by the presence of an independently living 
parasitic organism ; others, that it must be parasitic but due to a form 
smaller than any yet known, or even to a “ living contagious flnid — * 
suggestion which goes still further beyond the limit of any life known 
-to us. It seems more reasonable to suppose, as other investigators have. 
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that the virus is one of an enzymic nature, capable of producing extensive 
effects in minimum doses. In the United States, it has been claimed that 
the direct cause is an excessive quantity of an oxidising enzyme present 
in the cells, and that it is possible to produce the condition artificially 
without any infection from outside. Whatever the cause, it is probable 
that it is not peculiar to tobacco. Similar diseases are known in toma- 
toes, chillies, and other plants, some being identical with that of tobacco, 
others distinct. They form a group which is perhaps the most obscure 
in the whole field of vegetable pathology. 

Mosaic disease has Dot been especially studied in India, and all that 
is known of it in this country is that it is prevalent in many tobacco 
tracts. The chief loss is said to be in tobacco intended to be cured 
for European consumption ; that grown for indigenous use is lesB 
depreciated in value, since the reduction of elasticity, poorness of burning 
quality, and inferiority of aroma, brought about by the disease, are not 
of consequence. The natives of Sumatra are even said sometimes to 
prefer the diseased leaves. Still the loss in yield is enough to be of 
significance, no matter for what purpose the tobacco is grown. 

The most characteristic symptom is a patch-work appearance of 
lighter and darker green areaB on the leaf. The lighter green patches may, 
in severe cases, become almost white. They lie between the lateral veins, 
seldom reaching quite up to the latter. The intervening portions may 
be of normal green or of a deeper colour than normal, and are often 
oblong and so placed that they are crossed in the direction of their longer 
axis by a vein. The boundary between the patches is sharp, but along 
the finer veins a dark green area may be prolonged a little way into the 
lighter green, causing an irregular outline. The severity of the attack 
is marked by the extent to which the lighter green areas cover the 
surface. It is most visible on the younger leaves, especially at the top 
of tiie main stem and in the small side shoots. The latter usually show 
it strongly when they arise in the axil of a diseased leaf. 

The darker green areas in the leaf are thicker than normal, due to an increase in the 
palisade tissue, and are often bulged on the upper surface and hollowed below, owing to 
uneven growth. In the pale areas, on the oontrary, the mesophyll may be feebly develop 
ed. This alternation of thinner and thiokar portions during growth often leads to dm 
toittan, ending, or crumpling of toe full-grown leaf. Occasionally the actual sin of the 
leaves is much diminished. Other deformities sometimes found on the dieeased leaves 
(such as foliar outgrowths) seem to be accidental, is they- occur also on plants not suffering 
from mosaic. 

In the final stages, toe chlorophyll in toe lighter areas Is mostly destroyed and the 
cells dry up and oollapee. But this is often delayed until the time for harvest jhei oome, 
and there is not muoh actual loss from it. 
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The symptoms may begin at any stage in the growth of the plant, 
even in seedlings before transplanting. Whenever they appear, the 
already opened leaves remain unaffected and only those newly formed 
show them. This is why the growing top and young lateral shoots 
frequently exhibit the presence of mosaic best. 

The disease is highly contagious. Inoculation with a tiny drop of 
expressed sap from a diseased leaf, large enough only to be carried on the 
point of a needle, causes the disease without any loss of virulence, even 
when diluted with 1,000 parts of water. Dilution to 10,000 shows some 
attenuation, but still often causes the disease. It has long been known 
that filtering the sap through the usual germ-proof candle filter does not 
affect its virulence. It is actually said, and supported by very Btrong 
evidence, that ooolies working in the fields at topping, removing leaves, 
or picking off the grubs that damage the crop, can convey the disease 
by merely touching sound plants after a diseased one. In such cases, it 
appears as if the application of the virus to the unbroken leaf surface is 
sufficient. The young parts of the plant are the most highly infectious. 

The incubation period between the time of infection and the appear- 
ance of external symptoms is one or two weeks, usually about 9 to 12 
days. Probably spread is limited, as actual contact seems to be required, 
except where the viius is carried by insects or by man. It is said also 
that the roots may be infected from diseased material in the soil. Seed 
from diseased plants may give healthy or diseased progeny, and there is 
no evidence that mosaic is hereditary, though a predisposition to it may 
be. Iu virgin soil it is usually absent for some years. 

There seems to be no way of preventing this disease, and all that can 
be done is to attempt to lessen the liability to it and to reduce 
its conveyance by the field workers. Seed from healthy plants should be 
used. 

The danger of starting infection from plant dlbris in the soil, from a 
previous crop, should be borne in' mind, especially in selecting the seed 
bed. When topping or handling of any other sort has to be done,, 
diseased plants should be left alone, to be gone over separately afterwards. 

The species known as Nicotiam viscosum, and some of its hybrids 
with N . Tabacum , are immune to the ordinary form of mosaic in the 
United States, but are affected by a distinct form of the disease. 
N. rustica is said to be immune in Europe, but is very severely attacked 
in the United States. There is thus scope for work in attempting to 
breed resistant races. 
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OPIUM {Papaver somniferum L.). 

Downy mildew {Peronospora arborescens (Berk.) de B.). — The downy 
mildew of the opium poppy occurs in a mild form throughout the chief 
opium-growing tract in Bihar and the east of the United Provinces every 
year. In many years, there are localised attacks of greater severity, and 
occasionally epidemic outbreaks have affected considerable areas. It was 
believed till recently that the enormous losses caused by “ blight ” in the 
past, the history of which is found in Government [Records from time 
to time, as in 1871 and 1874, were due to this disease ; but the investi- 
gation of the serious outbreak in 1913 showed that part of the damage 
was due to Rhizoctonia, and some of the old descriptions, though 
imperfeet, agree in the main with the disease caused by the latter fungus. 

The importance of the crop in Indian agriculture has been much 
reduced by the measures now in force to restrict the use of the drug. 
It has disappeared from the neighbourhood of Pusa, and the investigation 
of its diseases has naturally suffered. Enough has been ascertained to 
show that the fungal diseases of opium rank among the majpr calamities 
which have befallen the Indian cultivators in certain tracts, and that 
the losses of 20 to 30 per cent, of the yield, amounting to between one 
quarter and half a million sterling in value to the cultivator, which have 
been recorded in years such as 1871, may be traced with considerable 
probability to the present disease and that next to be described. 

The first appearance of the mildew is usually about February, near 
Pusa, when the plants are almost fully grown. In other countries, 
where wild and garden poppieR are infected b> the same fungus, it is said 
to appear from the seedling stage, but this has not been observed at Pusa 
though some of the severe outbreaks in the past have been described as 
beginning in November or December. At the time of flowering, diseased 
spots may appear on the inflorescence, but usually the chief damage is 
to the leaves. These are covered with pale brown spots, chiefly col- 
lected near the tip and margin. In favourable weather conditions, these 
H pread, the whole leaf may be involved, and extension to the stem may 
occur. The attacked areas dry up and wither, the tissues becoming 
brittle and easily broken. In bad attacks, the leaves wither in their 
entirety. On the under surface is found a very fine, grey-violet down, 
scarcely visible, formed by the conidial stage of the parasite. 

The mycelium of the fungus ramifies between the leaf oefls, sending short, rounded 
hanstoria into their interior, and gradually lolling them. Hyph» extend to the spaces 
beneath the lower stomata, and send oonidiophores singly, or in little groups of five or six 
through the orifices to the surface. 



Rg. 142. DOWNY MILDEW OF OPIUM POPPY 
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The oonidiophoree are robust, erect, and very long, sometimes nearly 1 mm. in length, 
by 10 to 1S/A thiok. They are 7 to 10 tunes dichotomoualy branched towaids the top, the 
ultimate branches being" very fine, curved, short, and diverging nearly at right angles. On 
the pointed tip of each there is a single round -oval 
conidium, hyaline or very pale violet in colour, and 
measuring 20 to 25 by 18 to 22/* in diameter. The 
oonidia germinate by a germ-tube either from the end 
or laterally. 

In the older withored spots, oospores are developed 
within the tissues, often in quantity. The oospore 
is surrounded by an irregularly thiokened, reddish-brown 
wall, formed of periplasm and 4 or 5fi thick in places, 
outside which the thin oogonial wall lies. The oogo- 
nium averages 33/a in diameter, the oospore being 21 
to 32/*, round, and of a yellowish oolour. 

As is normal in this genus, the oonidia are short-lived 
and the disease is carried over by the more resistant 
oospores from season to season 

In the moist climate of lower Bengal, the 
ornamental varieties of Papaver somniferum 
suffer so much from this mildew, that as a 
rule they are not grown in the Calcutta Botanic Gardens. The still more 
common garden forms of Papaver Rh&as are said * on the other hand, to 
be little attacked. Garden poppies are not attacked in Pusa, but the 
allied weed Argemone mexicana (vern. kateya), not uncommon in Bihar, is 
frequently infected and Bhould therefore be weeded out from the 
vicinity of the fields. 

There seems to be no record of attempts to control the disease by 
spraying. Bordeaux mixture would probably give good results, but as 
the financial conditions under which the crop is grown are peculiar, the 
produce being a Government monopoly, careful experiments would be 
required to determine whether spraying would repay its cost to the 
cultivator. 

All withered leaves and debris from the crop should be carefully 
collected and burnt, in order to prevent the reappearance of the disease the 
following year, through oospores set free by the disintegration of diseased 
tissues in the soil. 

Recent work has shown that different cultivated races of the cpium 
poppy vary in their resistance to mildew, and an attempt is being made 
in the United Provinces to develop immune varieties. 

The fungus is known on Papaver Rhosas, P. dubium, P . Argemone, 
and P, eormiferum in Europe and on Argemone pUUyceras in North 





Fig. 143. Peronotpora arbo~ 
rtsctnt ■ 1 , tip of conidlo- 
phore with oonidia. x 
200; 2, oonidia germina- 
ting, X 200; it, an ooa- 
pore, X 200. 



346 


FUNGI AND DISEASE IN PLANTS. 


America. Cases have been observed on P. Rhceas in Europe, in which 
the diseased plants gave flower-stalks whose buds failed to open, the 
stalks and buds, as well as the upper leaves, containing oospores but no 
conidia. 

Root rot (Rhizoctonia sp.). — As already noted, some of the earlier 
descriptions of opium poppy blight suggest that this fungus was in part 
responsible, and it has recently been found to be very prevalent in poppy 
fields in some parts of Bihar and the United Provinces 

The symptoms resemble those already described under cowpea 
(p. 262). The disease appears chiefly in fields that are badly drained 
or impoverished, and may be found alone or in combination with the 
Peronospora. The plants begin to wither and dry up from the 
base. At the collar the stem is blackened and cracked, and the roots 
are sometimes also disorganised. The rot is usually a dry one, at least 
on the above-ground parts, and the leaves wither as a whole, not in spots 
as when attacked by Peronospora. 

The tissues of the base of the stem and main roots are found to be 
infected with the mycelium of a Rhizoctonia, which agrees in its main 
characters with the small, black sclerotial form (p. 262), but has not yet 
been fully studied. 

It is difficult to estimate the amount of damage due to this disease. 
It is worst, as a rule, under those conditions of cultivation which are least 
favourable to the poppy crop, whereas Peronospora attacks even flourish- 
ing crops. 

Attention to the ordinary methods of good cultivation, especially 
drainage and manuring, would probably reduce the severity of the 
attack. 

Besides the above diseases, the poppy sometimes suffers from a 
disease of a bacterial nature, which can be readily recognised. A soft 
rot commences at the apex of the stem and extends downwards, the 
whole plant breaking down ultimately into a soft, black, slimy mass. 

TURMERIC (Curcuma longa L.). 

Leal spot (Tafhrina macukms Butl.).— This disease is common in 
many parts of India, perhaps everywhere that the crop is grown, having 
been recorded in Bengal, Bihar, the United Provinces, Bombay, and 
Madras. 
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It occurs also in Japan. In India it is found on several allied plants, 
including C. Amada, C. anguaiifolia, Zingiber Casvmunar, Z. Zerumbet. 
and Hedychium. 

Though in severe cases every leaf is marked by hundreds of the 
brownish-yellow spots, the turmeric growers in the neighbourhood of 
Surat, where the most intense attack has been seen, do not consider it a 



FlG. 144 Leaf spot of turmeric (Taphrltw maculant) /, part of leaf 
with spots, x 4 ; £ , mycelium in the walls of epidermal cells ; 3, asci 
and asooBporea- 

serioub disease. This is probably because the attacked plants aie not 
killed, the leaves retaining their vitality for a long time even when exten- 
sively affected. Since, however, the normal work of the leaf in assimi- 
lation must be much hampered by the 'presence of the fungus, it is 
probable that it is responsible for a reduction of the yield which may be 
much greater than the cultivators themselves suspect. 

The spots appear on both surfaces of the leaf, often in great numbers, 
being generally more on the upper surface. They begin as a pale yellow 
discoloration, not sharply defined. This soon becomes dirty yellow, 
then deepens to the colour of old gold or sometimes nearly to a bay shade. 
The spots are small, usually from -1 to 2 mm. in diameter, and coalesce- 
freely. They are not in any way limited by the veins and do not produce 
any local distortion of the leaf. * , 

Tha hyphe of the parasite are embedded in the outiole and in the veil walls dt 
epidermis and subjacent layer of cells They never enter the oells, exeept to send Ifttfe 
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branched or lobed haustoria into the cavities of the outor two layers of cells, and occa- 
sionally into the outermost cells of the spongy paronohyma (Fig. 15, 4). 

•Soon after infeotion, the first-formed hyph© are found embedded in the cuticle whioh 
covers the epidermis, running chiefly in the furrows between adjacent epidermal cells, 
though some branches cross tho tops of the oells. The hyph© next form, by frequently 
branching, an accumulation of Bhort-oelled parenohymatous fungal tissue, chiefly in the 
angles between the oells, sufficient to raise the outiole to a considerable extent. An exten- 
sion from this often covers the entire opidermis of the Bpot, still wholly immersed in the 
cutioular layers. From tho cutioular mycelium, flat bands of hyph© pass downwards 
between the epidermal oells, the vertical walls of which are split to give them passage. 
These spread out in the inner wall of the epidermis, and also continue in the same 
manner down tho vertical walls of the next layer of colls (hypodermis) to reach the walls 
in contact with tho spongy parenchyma of tho leaf. They do not penetrate further, oxcept 
to send an occasional haustorium into the outer cells of the spongy parenchyma. 

The accumulation of hyph© in parenohymatous masses in the cuticle and \ertical 
walls of the epidermis may be so great as almost to obliterate the cavity of these cells 
Hence m old stages, the fungus appears, on cursory examination, to occupy the coll 
cavities, but the remains of tho cavity bounded by the inner layer of the o< II wall can 
usually bo made out. 

The formation of asci and spores takes place on both surfaces of the leaf, when the 
spots are fully developed and tho central portion is occupied by an almost continuous 
layer of well-developed fungus elements in the cutiole and vertical walls of the epidermis. 
Tho outor colls of this layer grow out into cylindrical or club-shaped. tJjin-Walled pro- 
jections, which rupture the cutiole to reach the outer Burfaco of tho leaf and become asci. 
As a rule the ascogenous cells mature at different periods, so that the ripe asci are found in 
little groups, not forming a continuous layer covering tho surfaco of tho spot All of 
the outer cells appear to be ascogenous. Bolow each ascus there is at least one basal cell, 
sometimes two or three in a row. Tho ascus itself is a protrusion of the inner wall of the 
ascogenous coll in the form of a thin -walled sac, rounded or flattened above, narrowed 
somewhat whore it leaves tho parent cell, and measuring, in its free part, 20 to 30 by 6-5 
to 10/* It usually contains eight spores, but sometimes more have been found, formed 
doubtless by building from tho first-formed spores as is known to take place in allied 
species. The spores are hyaline, unicellular, ovoid or almost oblong, and 4 to 0-5 by 
2 to 2-3/a in diameter. 

As no other method of propagation but these spores is known, 
spraying with Bordeaux mixture should be effective in checking spread, 
if applied as socn as the first spots appear. No experiments have, 
however, been carried out to test the economic value of spraying where 
this disease occurs. 

GINGER (Zingiber officinale Rose.). 

Soft rot (Pythium gracile Schenk 41 ). — This disease is the cause of 
considerable losses in parts of Gujarat (Bombay), near Rangpur (Bengal), 

* The name Pythium graeik Schenk has been retained, for the present, for this 
fungus, though it differs to some extent from the algal parasite studied by Schenk* 
The latter was not fully described, and there are several allied forms difficult to 
distinguish from it. The ginger parasite does not quite agree with any of these, and 
further investigation may show it to be ft new speoias. 
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and in Malabar, well-known centres of the cultivation of uliat is 
ordinarily a most lucrative crop. It is not known to occur elsewhere. 

The first outward indication of the disease is a general but slight 
paleness of the leaves of a shoot, followed by yellowing of the tip«* of the 



Fra. 145. Soft rot of ginger (Pythium graoilt ) healthy and diseased plants. 


leaves. This yellowing gradually spreads down the leaf to the leaf 
sheath, often more rapidly along the margins. Behind it, the leaf 
progressively withers and dies, and ultimately hangs drooping from the 
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sheath. Then the whole shoot dries up. Meanwhile the base of the shoot 
between the rhizome and the surface of the soil turns a pale, translucent 
brown colour, and by the time that the leaves are well yellowed, it is very 
watery and soft, so that the whole shoot can easily be torn off from this 
point, though it rarely falls over spontaneously. The soft rot also extends 
beyond the collar into the rhizome, which is discoloured and gradually 
•decomposes, forming a watery mass of putrifying tissue enclosed by the 
tough rind. In this mass the fibro-vascular strands lie isolated. The 
roots arising from the affected parts present in general the same symptoms. 
Once the disease becomes established, no new rhizomes are formed. 


All the diHColouml parts below ground, base of shoot, rhizome, and roots, contain the 

mycelium of the Pythium 
which sometimes ascends 
well above ground in the 
sheaths and stem. The 
hyph® penetrate tho cells 
freely, as colourless, un- 
soptate, much branched 
threads, up to 4/a in dia- 
meter and Often with irre- 
gular swelhngR here and 
there These hyphen can 
Ixj traced beyond the limits 
of tho parts whioh show 
obvious signs of disease, 
and always procode the 
rotting. 

When a fragment of one 
of the lower soalo*like 
sheaths (or of the rhizome), 
containing actively growing 
liyphcB, is plaoed in water, 
some branches extend to 
the outside and form spores. 



Fig. 146. Pythium graoil* 2, part of ginger rhizome 
showing mycelium with an oospore ana antheridium, 
— - ... « «febrisin water, x 200; 


i pli 

.?, swollen lateral branch, > 
in zoospore formation, x T 


200 ; 4, successive stages 
6, a zoospore. 


The apex of the branch swells up slightly, and after certain changes, whioh lead to 
its softening, opens suddenly by blowing out into a sort of bladder, resembling a 
soap bubble on the end of a tube. Into this bladder the contents of the hypha flow and 
fceooma segmented into a number of zoospores, whioh escape by rupturing the bladder, and 
swim off by means of a ooople of oar-like cilia. This spore formation oan be readily 
indnoed artificially, and ooonn naturally no doubt in wet weather, when the interstices 
of the upper soil are filled with water. Without a plentiful supply of water it cannot 


A second prooess of reproduction occurs within the tissues and results in the 
formation of oospores, whose germination has not been observed. The oospore results from 
the union of two cells, a large, spherical oogonium, 27 to 83/* in diameter and a smaller, 
beaked entberidhim. After dm contents of the latter pass into the former through the 
beak, the oospore develops as a separate odl, lying free within the oogonium. It is 
smooth, colourless, thiok-fralJed, and 23 to 27/a in diameter. Antheridium and opgonium 
arise usually from different hypha. 
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The f lingua ban been grown in pure artificial cultures at Puna, and has been proved 
capable of attacking and rotting previously healthy rhi acmes. The rotted tissues in 
-the field are readily invaded by secondary saprophytes, fungi, insects, and eelworms, but 
at an early stage, and where healthy tissues have just been invaded, Pythium gractU 
odours alone. 

There are probably two ways in which the crop may become infected. 
One, believed to be the commonest in Rangpur, by the use of diseased 
““ seed " ; the other, from oospores in the soil. If the seed contains any 
trace of living fungus, it is easy to understand how the newly-formed 
rhizomes and the shoot buds can get infected. This may happen by 
direct growth of mycelium into the new tissues, or by the germination of 
oospores still remaining in the scales and debris at the surface of the 
rhizome. The fungus is known to be a not uncommon soil-dweller and 
to be able to live as a saprophyte in soil, probably for considerable periods, 
so that underground spread no doubt goes on freely during the rains. 
How long the oospores can live in the soil is not known, but the period 
is probably considerable. They must reach the soil in large numbers 
with fragments of the lower sheaths and from diseased rhizomes left to rot 
in the ground as not worth lifting. Single plants, or even whole patches, 
are often thus left and must keep renewing the supply for a long time. 

At Rangpur, the ginger “ seed ” (pieces of rhizome) is planted out 
ill March and the disease is severe from the middle of August or Septem- 
ber, when the plants are about 1 \ foot high. It is said to appear first in 
July. After the end of September, spread is slight. It is evident, 
therefore, that its development is closely dependent on the monsoon. 
This is only what is to be expected, as the group to which the parasite 
belongs is semi-aquatic. In stiff soil, which holds water, the attack is 
always more severe than in sandy loam which drains well. 

The damage done by soft rot is considerable in those places in which 
it has been investigated. Near Surat, in 1904, one village estimated 
its loss at 10,000 rupees. At Rangpur, in damp soil, there may be an 
annual loss of 10 to 15 per cent., while in dry soil the disease appears 
only in patches and the loss may be 5 or 6 per cent. Losses up to 80 per 
-cent, may, however, occur in wet years. From November on, partially 
diseased rhftomes (being then nearly mature) are often dug up and 
sold for what they may fetch, presumably because they are not likely to 
give anything if kept until the usual harvest in January-February. 

Treatment should be directed to preventing the supply of infective 
matter to the soil, and to improving the soil conditions so as to hinder 
the development of the parasite. 
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At harvest all rhizomes should be lifted. Diseased ones must be 
carefully collected and destroyed with as much of their roots as possible. 

Ginger should not be grown again on the same land for several years. 
This is the usual practice in Rangpur, where the land is allowed to become 
overrun by thatching grass in between the ginger crops, which are from 
three to ten years apart, probably about five on ' an average. 

Seed should be got from a place free from disease, and should be 
carefully hand-picked and all that seems to have any rot discarded. 

Whenever disease occurs, the affected plants should be dug out whole, 
with the larger roots, and burnt. Pulling out is not satisfactory, as the 
rotted parts break off easily. 

Good cultivation, and especially drainage, are of great importance, 
and also the choice of suitable soil. Light sandy loam and loam that is 
well drained are best. In heavier land, great care is necessary to avoid 
the accumulation of water in the upper layers, and the consequent increase 
in growth and reproduction of the fungus already referred to. At 
Rangpur, the cultivation and drainage seem to be alikc^very carefully 
attended to, and the soil selected for the ginger fields is usually light 
and open. 

By the above measures the rot has been successfully kept in check 
at the Rangpur Experimental Farm. If regularly carried out cver^here, 
this destructive disease would probably lose most of its terrors. 

Pythium gracile is a fairly common inhabitant of soil and fresh water, 
and attacks tobacco and probably castor and papaya, in addition to 
ginger, in India. In Europe, it is best known as an algal parasite. 

CHILLI {Capsicum annuum L.). 

Die baek. ( Vermicuktria Capsid Syd.). — This is the most serious 
disease of chillies as yet observed in India, if we except an obscure disease, 
not yet studied, but believed to be similar to the mosaic disease of tobacco. 
It has caused considerable damage in Bihar of late years, and is prevalent 
also in Madras. Outside India, it has been recorded in the Philippine 
Islands. 

The attack usually takes place in October or November in Bihar, 
when the mop is in flower. At this period individual flowers are found 
drooping and gradually drying up. Many of them fall off without 
further damage, but in favourable conditions for the growth of the 
parasite, extension occurs back through the flower stalk to the stem 
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(Fig. 147, 2 - 3 ). Growth along the 8tem occurs rapidly, the bark turning 
at first brown and then white, in long, narrow strips. Lateral spread also 
occurs and the whole branch withers. When a fork is reached in the 
downward growth of the parasite, extension occurs both down the main 



Fie 147. Die b&ok ( Vtrmicularia Captici) end ripe l ot [Qlomtrdla piper ata) 
of chilli : 1, fruit attaoked by Vtrmicularia Captici, x f \t, early stage of 
die back, only a single flower affected, x $ ; 3, later stage showing extension 
from dead branch on right to main stem and branoh on left, x | ; 4-5, parte of 
■porodochla of Vtrmicularia Captici showing conidia and sets. X 355 : 6, 
germination of oonidia of earae. one with appreesoria X 315 ; 7, fruit attaoked 
by Olceeeporinm stage of Olomtrtlla piptrata, x | ; 8, aoervulus of same, x 
245 : 9, oonfdla from eame, and their germination, x 355 ; 10, peritheoia of 
same. X 75 ; 11. asei and asoospores from same, x 245 ; It, sa oospores 
germinating, x 245. 


stem and out into the healthy branch. In this manner the whole of the 
upper part of the plant may be killed, while the basal part is unaffected. 
Direct infection of main stems seems to be rare. 


B, DIO 
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At a later period, further attacks occur on the fruit (Fig. 147, 2). 
These resemble those of the bean anthracnose described above (p. 256). 
The surface of the fruit is marked by roundish, dark depressions, which 
later dry and turn pale in the centre. These spread and run together, 
especially towards the tip of the fruit. The latter shrivels, and may dry 
up more or less completely. 

The characters of the parasite closely resemble those of bean anthraonose, except 
that the woody tissues of the stem are more readily invaded, the hyphse being found in all 
the tissues. In the fruit, extension takes place through tho walls, and the fungus roaohos 
the Beed just as in bean anthraonose. 

The fructifications aro produced oopiouBly on the fruit and stem. From the internal 
hyphn, stromata are formed in the epidermis. These increase in size and rupture the 
cuticle, and then continue to grow so as to form a cushion-shaped or almost hemispherical 
stromatic tubercle on the surface. Tho surface oells of the stroma now grow out into 
two kinds of stalks. Some, scattered here and there on the stroma, grow into long, 
radiating, dark, rigid, sterile hairs (setee), while between them others grow into hyaline, 
short, cloBely crowded basidial stalks, on which oonidia are borne (Fig. 147, 4 - 5 ). 

The tubercular stromatic masses measure from 70 to 120/* across, and aro composed 
of violet-brown to deep brown cells, those at the base being elongated while nearer tho 
surface thoy are polyhedral. Tho set® are dark-brown, lighter at the tip, with several 
septa, and up to 150/* long. The conidia are borne singly on the top of the fertile stalks, 
which are unbranched and unseptate. They remain in a mass around /the base of the 
set® after falling from the stalks, being surrounded by a mucilaginous substance which 
sticks them together when dry. The spore-mass is pinkish, but the conidia are hyaline 
individually. They are unseptate, curved, narrowed at the ends, and measure 17 to 2H 
by 3 to 4/* in diameter. 

On germination, a germ-tube in given from one or both onds, the spore often dividing 
first into two colls by a median septum (Fig. 147, 0 ). Approssoria, exactly similar to 
those found in the bean and other anthracnoses, are formed on the ends of the germ- 
tubes after a shorter or longer growth, and infection probably takes place usually by a 
hypha from one of these. 

It will be seen that there is little real difference between this fungus and the Colle- 
totrichum stage of species of Qlomerella. In the latter, the spore-bearing acorvuli are 
formed while the fungus is still immersed in the dashes of the host, so that it is ono of the 
Melanconiaoe®. In Vermicularia, the tubercles (“ sporodochia ”) appear on the surface of 
the host before they bear spores, and they are often prominently convex, so that the 
genus belongs to tho Tuberculariacee. Whether Buoh differences have any real signi- 
ficance is doubtful. No perfect stage haB been found in Vermicularia as yet. 

Dissemination is most likely to occur in moist weather, as the dry 
spores remain attached to one another. In Pusa, it is most noticeable 
that the disease develops with intensity at the end of the rains and while 
the heavy dews of the early cold weather still persist. Plants in shady 
localities, where dew is not deposited, often escape. The period of 
maximum damage is confined to a few weeks, and with the dry cold 
weather extension ceases. 

Attempts made to control the disease by seed selection, as described 
under bean anthracnose, have failed. Spraying with Bordeaux mixture 
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has, however, given very promising results and is being fully tested in 
Bihar and Madras. It is possible that a single spraying at the end of the 
rains will carry the crop through the critical period of a few weeks when 
rapid spread goes on, and it has been found that even plants which have 
had the crown destroyed will put out new shoots from below and give a 
good crop, if these shoots can be preserved from infection by Bpraying. 

Inoculations carried out at Pusa with pure cultures of the fungus 
have proved that it is capable of attacking a number of other plants, 
including tomato, brinjal, cowpea, and val (Dolichos). The fruit rots 
and die back of these crops (referred to under them) are at least in part 
caused by Vermicularia Capsici. 

Ripe rot ( Glomerella piperata (Stonern.) S. & v. S. = ( ?) G. cingulata 
(Stonem.) S. & v. S. « Gfaoeporium piperatum E. & E.).— - The ripe rot is 
found usually (as the name indicates) on the ripe or ripening fruits of the 
chilli plant. It was first described in the United States, and recent 
workers in that country believe it to be identical with the common ripe 
rot of apples and many other plants, caused by Glomerella cingulata. 
If this is so (and there are no obvious differences observable bo far as 
Indian material shows), then the fungus is of world-wide distribution and 
likely to occur wherever the chilli is grown. 

The damage to the fruit in India is sometimes considerable. The 
injury resembles that caused by the last fungus when it attacks the fruit, 
except that the black or pinkish fructifications, which are just visible 
on the diseased areas, are often arranged in concentric bands (Fig. 147, 7), 
The attacked parts turn dark and become depressed or wrinkled, and 
ultimately the fruit shrivels and dries up. Attacks on the stem and leaves 
arc rare. 

The fungus resembles the last in many respects, but is not capable of extensive 
development in the stem tissues of the host. 

The fructifications are formed under the cuticle. At first there is a large accumu- 
lation of stromatio tissue in the epidermal oells and extending down into the next layer. 
The cells are entirely destroyed and replaoed by dark, short, polyhedral fungus oells. 
From the outer part of the stroma, just below tho outiole, a row of closely crowded 
baaidial stalks arises, and these, by their growth in length, raise the outiole and ultimately 
rupture it. At tho same time, each Btalk bears a oonidium at its tip, and probably new 
ones are formed when the first fall off (Fig. 147, 8). As in the last epecios, tho spores 
remain in adherent masses united by muoilage, until thoroughly wetted. 

The oonidia are hyaline singly, pale pink in mass, unicellular, straight or slightly 
curved, with rounded ends, and of almost uniform diameter throughout. They measure 
11 to 21 by 4 to S'fyA, the Btalks on whioh they are borne being slightly longer than the 
spores. They germinate juBt as in Vermicularia Capeici (Fig. 147, 0). 

The perfeot stage is an Ascomyoete of the genus Glomerella. The peritbecia are in 
clusters, pear-shaped, membranaoeous, dark-brown but lighter towards the tip, and 
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formed on or partly immersed in a loose stroma of light brown, interwoven hyph® (Fig. 
147, JO). They open by a mouth at the end of a moderately long neek, which may be 
somewhat hairy. They measure about 260 to 800 by 100 to 200ft in diameter, and oontain 
numorous asoi without paraphyses. They are formed both on the plant and in oulture 
at Pusa. 

The asoi are olavate, sessile, 46 to 65 by 7*5 to lift in diameter, and eaoh with 8 spores 
arranged roughly in two rows (Fig. 147, 11). The asoospores are somewhat like the 
oonidia, but often more ourved and of less even breadth. They are unseptate, hyaline, 
with rounded ends, and 12 to 10 by 4*5 to 6 5 ft in diameter. 

Inoculations with pure cultures of this fungus at Pusa have been 
successful in producing rot in fruits of tomato, brinjal, cowpea, val 
(Dolichos), citrus, plantain, and papaya, and on young sweet-pea plants ; 
while in other countries it has been found to attack several of the common 
hosts of GlomereUa cingulata. 

As the characters of this fungus, and of the disease it causes, are 
closely similar to those of the anthracnose described below, remarks or 
treatment will be deferred to the next section. 

Anthracnose ( CoUetotrichum nigrum E. & Halst.).— This disease 
has been found in Burma and probably occurs also in India. Like the 
last, it was first described in the United States and is pfibably of wide 
distribution. Indeed there is no certainty that it is not identical with 
ripe rot, to the extent of being caused by the same organism ; for the 
only distinguishing feature between the two fungi is the presence or 
absence of hairs (set©) in the spore pustules. This distinction was, when 
the fungi were first described, considered to be of generic importance, but, 
as already mentioned under bean anthracnose, recent work has shown 
that it is not constant and that species of GlomereUa may have conidial 
stages sometimes with and sometimes without setae. The perfect stage 
of CoUetotrichum nigrum has not yet been found. If, however, it is 
obtained and agrees with that of the last- fungus, there will be no 
sufficient reason to separate the two, and the most we can say is that the 
GlomereUa of chillies has a conidial stage which is sometimes a 
Glooosporium and sometimes a CoUetotrichum. 

The symptoms of chiUi anthracnose are best marked on the fruit. 
At any time after the latter is about half grown, patches of decay appear, 
usually either at the tip or on one side. At first, while the fruit is still 
green, the spots are grey, changing gradually to brown. Sometimes 
there is a premature reddening of the fruit round the spot. The flesh 
below shrinks and the rind may be thrown Up into concentric wrinkles. 
The fructification* of the fungus appear as black, erumpent points, arranged 
often conoeutricaUy. The whole flesh of the fruit may ultimately be 
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involved, becoming dry, shrivelled, and covered with the black spore 
bodies. Such fruit may be shed or remain on the plant, but in any case 
is useless. 

The fruit stalk and twigs are also sometimes attacked, often by 
direct spread from the fruit, but extension in the stem is more limited 
than in die back. 

The microscopic characters of the fungus agree with those of Qloeo- 
sporium ptperatum , except that the acervuli are furnished with long, 
rigid, dark-brown bristles, up to 150 long by 4fi broad. 

Inoculation experiments, mostly in the United States, have shown 
that the anthracnose of peppers can be communicated to ‘'several of the 
common hosts of GhmereUa cingulata, but it is not always clear whether 
Colletotrichum nigrum or Qlceosporium piperatum was used. Both fungi 
have been considered recently by different workers to be identical 
with Qlomerella cingulata . 

The treatment, by spraying with Bordeaux mixture and other 
fungicides, does not seem to have given decisive results in the United 
States. There is, therefore, no guidance from outside as to whether 
spraying is likely to be profitable or not in India, and there is insufficient 
evidence as yet whether the spraying against Vermicularia will also 
reduce the amount of anthracnose. The latter disease does not seem 
to be as harmful as die back, and where the latter is absent it is 
doubtful if spraying is required. 

Considerable differences in susceptibility to anthracnose have been 
noted in different varieties of chillies in other parts of the world. Thus, 
in British Guiana, the kinds known as <f long white ” and “ long red * ’ 
suffer greatly, while “ red chilli ” and “ long bird ” are unaffected. 
Amongst the great number of varieties grown in India, some are likely 
to show these differences, and could be introduced into cultivation where 
the disease is severe. 

It is further recommended to collect and destroy all diseased fruit 
as soon as noticed, and to cut back the stems, if they are withering, as 
far as a healthy part. 

PEPPER (Piper nigrum h.). 

Stump rot (RoseUmia bunodes (B. & Br.) Sacc.).— Of the rather 
numerous diseases to which this ^valuable crop seems to be subject, this 
Appears to be the only one whose cause has been ascertained, with any 
degree of accuracy. 
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It was first brought to notice in 1895, when specimens £rom Mysore 
were determined At Kew to have been attacked by a fungus allied to 
RoseUinia necatrix , the cause of root rot of the grape-vine in Europe. It 
was not until 1904, however, that the fructifications, by which only the 
species can be identified, were collected on the base of a tree killed- along 
with the pepper in a spreading patch of disease. 

The general characters of the group of diseases known as stump rot 
will be described in detail under tea (p. 435), as they have been most 
fully studied in that crop. It is sufficient to say that they almost 
invariably arise from the rotting stump of some jungle or shade tree, cut 
down without uprooting. Spread takes place chiefly in the soil, along the 
roots and also away from the latter, by strands of sterile fungus tissue, 


S 


Fig. 148. Stump rot of pepper (RoMllinia bunodei) i 1, perithecia 
at beae'of Lit$a$a anguitlJbHa , x { ; S, group of peritbeoia, x8; 

5, arcus and parapbysis from same, x 200 ; 4, aacoaporea, x 280 ; 

6, mycelial strands on berk of Boligama longifolia and 
blacken ins of wood under the bark, x f. 

often capable of extensive growth in length. Several species seem able 
to attack a number of different plants and to kill them by destroying 
the roots and outer tissues of the base of the stem. 

In pepper, the patches of disease observed in Mysore are from 5 to 15 
yards square, scattered through the plantation. The saplings and 
undergrowth of forest, and even large trees, within these patches, are also 
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often killed, amongst them being Litsaea angustifolia, L. Wigktiana., 
ScMeichera trijuga, Holigarm hngifolia , and Orevillea robusta* Death 
is usually rather sudden ; the leaves turn yellow and soon after foil, 
and the whole plant dries up. 

The fungus attaoks the roots and base of the stem below ground, appearing first as 
brown strands or continuous brown sheets, mixed with soil and often with grey, fluffy 
extensions of mycelium into the surrounding soil. From the Buporfioial layers, hyphw 
pass into the deeper tissues in clusters and secondary strands, whioh flatten out into grey 
sheets under the bark. Other portions extend on the surface of the bark to above the 
soil level, where they give rise to small, purplish-blaok, velvety patches on the parts 
oxposed to the air. On some hosts these patches form a continuous ooating to the base 
of the stem for a foot or more above the soil, and even on dead twigs and leaves noar 
by, but it is not known if such extensive development ooours on pepper. 

.The superficial velvety growth consists of the oonidial stage of the fungus, the ooni- 
diophoros being grouped in short, blaok stalks, about ^ inoh long, eaoh hypha branching 
freely at the top and bearing minute, hyaline, unioellular spores. The ends of the branches 
are oolourloss and this, with the spores, gives a dusty grey appearance to the surfaoe. 

Lator, the perithooia appear as round, black bodies, partly immersed in the velvety 
growth, but often ultimately free. They are up to about 1 -0 mm. in diameter and with 
n slightly papillate mouth, the wall being ornamented with soale-like warts, regularly 
spaced and more or less concentrically arranged. The asoi are up to about 300 f* long 
(s poriferous part 270ft) by 12 to 15ft brood, and contain 8 spores. These are long spindle- 
shaped, with unequal sides and the ends drawn out into a thread-like appendage, dark 
brown in colour, and up to 110ft long (80 to 90ft without the appendages) by 10 to 12ft 
broad. 

The part played by the spores in disseminating the disease is not known. It seems 
improbable that they can directly infect living plants, without first developing a mycelial 
growth m dead wood. Spores are only formed above the soil level, on a part, of the fungus 
which is more or less saprophytic. The parasitio growth is sterile. 

This fungus has recently been identified as a cause of the “ black root ” 
disease of limes in the West Indies and, together with an allied species, 
R. Pepo Pat., is also said to kill cacao, breadfruit, and several other plants. 
In Porto Rico, it apparently attacks coffee. 

For treatment see under tea (p. 440). 

CORIANDER ( Coriandrum sativum L.). 

Tumours ( Protomyces macrosporus Ung.). — This garden crop is much 
attacked in the neighbourhood of Puda by the gall-forming fungus 
Protomyces macrosporus, which is known in Europe to infect many plants 
of the same order (Umbellifer©), including the carrot, parsnip, and cara- 
way. It occurs also in north Africa and Australia. 

The disease appears in the form of tumour-like swellings, which may 
be found on all herbaceous parts of the plant but occur most commonly 
in the flower stalks, leaf petioles, and green parts of the Btem. The 
swellings are mostly elongated and may be up to J inch long by £ inch 
broad. Their size varies as a rule according to the size of the infected 
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part, those on the stem being usually larger, for instance, than those on 
the flower stalks. On leaves, they are confined to the veins. 
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Hie fungus is found only in the tumours. Here rather large, irregularly branched 
and closely septate hypha occur between the cells. Their wall is thin and composed of 
•cellulose. At an early stage, single cells here and there in the hypha swell up to longish 
or oval, ultimately almost round, bodies, the chlamydosporos (Fig. 149, 2). These beoome 
surrounded by a thick (up to Bp), colourless, 3-layered wall, and when mature are mostly 
*60 to 70 by 50 to 60/* in diameter, but vary considerably. They are true resting spores, 
capable of germination after a rest of some months. They are formed in very largo 
numbers between the oells, which may be so crushed and flattened as almost to disappear. 
The hyphsa lose their protoplasm as the spores develop, and often can hardly be traced m 
old galls. 

The germination of the chlamydosporos, which only occurs if immersed in watei, 
is peouliar. The outer wall ruptures and the thin, inner wall is pushed out into a sort of 
bladder, whioh remains at the mouth of the orack and oontaina the whole living oontents 
of the spore. These segment in two stages into the Anal spores. The first stage begun 
by the oolleotion of the protoplasm in a peripheral layer, leaving the centre empty except 
for oell sap, and ends by the formation of radially divided, uninuolear masses, arranged 
around the wall of the bladder in a single layer (Fig. 149, 3). Then, in the second stage, 
•each of those masses (spore mother-cells) gives rise by segmentation to four spores, whioh, 
when fully formed, separate from one another and collect with the spores from the other 
mother-cells in a mass towards the centre of the bladder (Fig. 149, 4). The latter now 
bursts and the spores are thrown free into the water. Hero they may, if brought on to a 
.suitable host, give out a germ-tube which enters into the tissues and causes the develop- 
ment of a tumour ; or if not in suitable conditions for resumption of the parasitic life, may 
continue to multiply vegetatively by -budding in the manner of yeast cells (Fig. 149, 0), 
JuBt as occurs in the smuts (see p. 179). Another point of similarity to the latter group 
lies in their faculty of uniting in pairs, like the paired fusion of the sporidia of Tillotia 
(p. 167). 

The ejected spores are unevenly cylindrical or elliptical, 2 to 3 by \p, odourless, and 
non-septate. They have not been cultivated artificially beyond the yeast stage. 

Infection scorns to ocour by the direct penetration of the gorm-tube into the epider- 
mal oells, not through stomata. All the hyphe below the epidermis are, however, 
strictly intercollular. 

The effect on the plant is slight, except when the inflorescence is 
attacked, when the seed production may be diminished. There is evidence 
that the forms on different plants are specialised, some of those that 
have been tried being able to infect several hosts, others only one or two. 

No treatment appears to have been tested anywhere, but the 
destruction by burning of all tumour- bearing parts should be effective 
in reducing the prevalence of the disease. 

Mildew (Evysvpke Polygoni DC.). — Coriander is also attacked by 
this disease, which has been described already on peas and turnips 
<pp. 253, 300). 


^FENNEL (Faeniculum vulgare Mill.). 

Mildew {Oidiopsis taurica (L4v.) Salm. var. lanuginosa Salm.). — The 
mildew of this crop is a variety of that-already described on guar (p. 271), 
from which it differs only in certain microscopic characters of minor 
significance. 
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Tho chief of these are that the oonidia are broad, oblong or oylindrioal, tending to 
angularity at the c°r n ors, sometimes constricted in the middle, and 35 to 70 by 14 to 28/t 
in diaraoter. 

It should be checked by sulphur dusting. 

FENUGREEK (Trigonella Fanum-gracum L.). 

Mildew (Erysiphe Polygoni DC. and Oidiopsis taurica (L6v.) Salm.). — 
These mildews have been already described on peas and turnips (pp. 253* 
300), and on guar (p. 271). Both fungi attack fenugreek at Pusa, and 
one or other is found in many parts of India. They do little harm as a 
rule. 

Rust ( Uromyces Trigonella^ Pass.).— The uredo stage of this rust has 
been found at Poona, but nothing is known of the extent to which the 
crop is infected. It causes minute, brown spots on both surfaces of the 
leaves. 

Tho sori break out from under tho epidermis as small, powdery, cinnamon -coloured 
points. Tho spores aro roundish, pale brown, and 20 to 2 3/a in diamoter. The wall ib 
up to 3 3 /a tliiok, covered with scattered spines, and with several germ-pores. 

The fungus agrees in its morphological characters with Uromyces Anfhyllis a 
European species, but there is evidence that it is at least a specialised form or “ physio* 
logical species ” (see p. 00). 

No treatment is known. 
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FIBRE CROPS. 

COTTON ( Oo8sypium spp.). 

Mildew ( Oidiitm sp.). — This disease is rare in India, but has been 
met with occasionally in Bombay. It is the commonest leaf disease of 
the crop in parts of the West Indies, and the only observations on it come 
from that region. 

Only the old leaves are attacked. Yellow or red, irregular patches, 
frequently bounded by the larger veins, appear on the leaf and ultimately 
spread over the whole surface. The under side is more or less covered 
by the white, shiny mycelium, which cannot be mistaken for any other 
fungus. 

The fungus is only found in the conidial Ntage, and the «pet*ion concerned iH therefore 
unknown. It is said to have an internal mycelium and cnmdia home singly on the coni- 
diophores, characters whioh suggest that it may he identical with the mildew of guar 
<P 271). 

The damage caused is slight. The shedding of the older leaves is 
hastened but active leaves are usually untouched. Hence treatment is 
not likely to be required, but should it be, sulphur dusting would perhaps 
be effective. 

L Rust ( Kuehneola desmium (B. & Br.).— The cotton rust, usually 
known as Uredo Go8sypi\iiom. the stage ordinarily found on the leaves, 
is common at Pusa, and occurs in most parts of India, in Ceylon, Java, 
West Africa, the West Indies, North and South America, New Guinea 
and the Philippines. It does not seem to have been recorded in Egypt 
or Australia. 

The fungus is confined to the green parts, chiefly the leaves, and has 
only been found in the uredo stage except in America, where the teleuto 
stage was discovered a few years ago. In India, the early stages of teleuto 
formation have been found but not mature spores. 

The uredo son are yellowish-brown, small (t*s to i mm.), pustular at first then 
more powdery t they are' of two kinds, a primary on the upper surface of the leaf, rather 
deeply immersed in the tissues, and a secondary found underneath and more shallow. 
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The upper surfaoe is often marked by small, purplish-brown spots 'which may run 
together into larger patches. 

The son develop under the epidermis, or moje deeply immersed in the mesophyll, 
and are surrounded by a ring of colourless, olavate paraphyses (absent in the primary 
eori), which are often inourved so as to leave only a small opening. As a result of this, 
the sori bear a certain resemblanoe to an /Ecidium and wore, in fact, taken for suoh 
when first described in Ceylon. 

The uredospores arise directly from the surface cells of a stromatic layer at the base 
of the sorus, and are without any definite stalk. They aro oval or broad pear-shaped, 
light yellow in colour, with short but distinct spines on the wall,, and measures 19 to 27 
Ly 10 to 19/* in diameter. 

The teleuto is rare. The sori are deeply seated in the tissues of the under surface 
of the leaf, not roadily distinguished from the uredo. They break through the epidermis 



Fio. 160. Cotton rust (Kushtuoia divniuw) : leaf with spots, x | ; section of 
uredo sorus, and uredospores, x 200. 


at a late stage, and appoar as somowhat powdery, light cinnamon-brown dots. The 
spores an cylindrical, and divided by 4 to 7 (usually 0) septa into a ohain of cells which 
break away readily at the surfaoe. The obtains are cylindrical, laterally united bolow, 
and 90 to 110A* long by 10 to ISA* broad. The individual segments are irregularly oblong 
and 24 to 32/u long. The wall is pale golden-brown, smooth, and thickened at the free 
end. A stalk oannot be distinguished. 

The effect on the plant of this rust is to cause defoliation, but it has 
been observed that the fungus usually attacks weakly plants only. It is 
particularly found in India on introduced, unacclimatised exotics, and 
was also very prevalent, some years ago, on a collection of perennial and 
tree cottons from various parts of India and abroad, growing at Pusa. 
These did not thrive, and were attacked by a multitude of diseases and 
insect pests, which left the annual varieties almost untouched. 

When severe attacks of this disease are observed in India, it may be 
suspected, as a rule, that the plants are not happy in their environment. 
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It is rarely found to any extent on well-grown field crops of indigenous 
varieties, or on exotics that have been able to adapt themselves to their 
new surroundings. Direct treatment, therefore, doeB not seem to be 
called for. 

The fungus is not known on any other plant. 

Anthr&CDOSe ( GlotnereMa Gossypii (Southw.) Edg.). — This disease is 
rare in India, having only been found iti lower Burma and once on seedlings 
at Pusa. It is exceedingly common and does some damage in the United 
States, and has been found also in the West Indies, Egypt, South and 
West Africa, Bulgaria, and Trans-Caucasia. 

In its commonest form it is a boll disease, but serious injury has up 
to now only been reported from a few places ; some cases are on record 
from the United States where the loss was from 50 to 75 per cent, of the 
crop, while losses of 
from 10 to 25 per cent, 
are more frequent 
Besides the bolls, the 
leaves and stem are 
liable to attack, and 
seedlings have also 
sometimes been affect- 
ed. The Burma cases 
seem to have been con- 
fined to the bolls. 

The first symptom of 
attack on the bolls is 
the appearance of small 
reddish or red -brown 
spots, slightly depres- 
sed in the centre. As 
they enlarge, the 
sunken centre turns 
black, while the margin 
remains reddish. 

Several may occur on a 
boll and through their 
union a large part of the surface may become involved. In damp 
weather, the centre of the spot soon becomes covered by salmon- 
coloured masses of moist spores, which dry into a crust. These may be 
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absent in dry weather. When the attack occurs before the bolls are 
fully grown, much deformity may result from the unequal growth of 
the healthy and diseased portions. The latter dry up prematurely, 
•cease to grow, and crack so as to expose the lint. In such cases, the 
lint iB usually ruined by the growth of the parasite or of other fungi into 
the interior of the boll. 

When seedlings are attacked, the stem at or just below the soil level 
shows a reddish-brown discoloration, due to the death of the tissues at 
this point. Before the diseased spot has time to spread much round the 
stem, the seedling usually collapses. In this form of attack it is probable 
that spores of the fungus have remained adhering to the seed, and have 
been planted out with it. 

On more mature plants, the stems are frequently attacked, especially 
at wounds and when the plants have been weakened from some other 
cause. The spots caused are rather like those on the bolls. 

Leaves sometimes become infected, chiefly such as are sickly or 
wounded. The primary leaves of seedlings are especially readily attacked, 
often no doubt because of injuries received in freeing themselves from 

the seeds coats. Ou the leaves* 
however, the harm done is slight 
as a rule. 

The fungus is found in the cells of tint 
blackened areas, causing their collapse and 
tho gradual disappearance of the chlo- 
rophyll from green parts. Stromal ic 
masses of fungus tissue of varying thick* 
ness soon collect below the epidermis, and 
give rise to the lower or Colletotrichum 
form of fructification of the parasite 
The stromata produce basidia or spore- 
bearing stalks in largo numbers on their 
outer side, and the opidermis ruptures 
or flakes off, exposing the spores to the 
air. The older stromata are dark- 
coloured, but the internal mycelium is 
colourless or at most slightly darkened. 
Basidia may also arise singly from the less 
deeply immersed hyphse, independently oil 
the stromata, and reach the surfaoe to 
produoe spores ; all sorts of intermediate 
stages between these single basidia and 

true stromata are found. 

The baeidia are equal to or twioe the length of the spores, broader below than 
•above, usually unsepta te but some times with one or two septa, and oolotirless, 



Via. 162. OtominUa OoMtypii : 1, part of 
an aoervulus with oonidia and set* two 
of which are fertile ; to right, abranohed 
•eta, X MS ; 8, conidia, X 480 ; 3, ger- 
mination of same with appreesoria and 
secondary oonidia; 4. * peritheoium 
100 ; 5, aeouslwith as* 
after Atkinson, 4-& 


(diagrammatic). X 
oospores, x 876. (8 
after Bdgerton). 
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They bear the spores singly at the tip, but after the first has been cut off, a second 
arises at the same point and so on until half-a-dozen or more have been formed. 

The setee are scarce or absent at first, then inorease with the age of the stroma, and 
in old specimens are often densely clustered. They are dark brown below, oolourlew 
above, and arise from spooial large, thiok-walled, dark cells at the surface of the stroma. 
They vary in length from 100 to 250/a, are septate, straight or fiexuous, rarely branched, 
and frequently bear spores at their tips, in this respect differing from those common to the 
genus, which are ordinarily sterile. 

The spores are found both on the ordinary bagidia and on the setee. Thoy are hyalino 
{salmon-pink in mass), unioellular, straight or less often ourved, nearly oblong but with 
the ends rounded and the base usually narrowed, and very variable in size, from 11 to 20 
by 4 to 9/a. Those on the setee are usually small and rather oval. 

On gormination, they generally develop a median septum and give out two or more 
germ-tubes, or sometimes form basidia immediately and produee spores quito similar 
to the original spore, from which they may be separated only by a short neck. The 
germ-tube* also soon form basidia and spores. In addition there is usually a more or 
le«* copious production of appressona, whioh are especially numerous in unfavourable 
cultures. These bodies resemble those of the boan anthraonose, exoept that they are 
often composed of several oells. Their primary function seems to be to aid in infectiou, 
but thoy also probably serve as resting spores, though capable of giving out a new hyplia 
immediately if conditions are suitable. 

The perfoot stage, an AHcomycote of the gonus Glomerclla to winch most anthrac- 
noses belong, has been found occasionally on diseased bolls in tho United States and also 
grown in culture. The perithecia are immersed, dark, roundish or pear-shaped, sometimes 
with a prominent beak, and mostly about 140 by 1 15/a in diameter. The asoi are numerous, 
55 to 70/a long by 10 to 14/a broad, and the spores elliptical, .sometimes slightly curved, 
hyalino, not septate, and 12 to 20 by 5 to 8/a m diameter. Numerous long, slender para- 
physe* fill all the cavity not oooupiod by the asci. This stage has not been found in 
India. 

Artificial inoculations carried out in the United States and the West 
Indies show that the disease can be reproduced readily on young succulent 
parts, but on older leaves and stems a previous injury or lowered vitality 
is required. When the twigs are attacked, they turn black and their 
leaves change to various shades of yellow and green, then wither and 
dry up, Penetratiou frequently occurs through the scars left by fallen 
leaves. Infection of young seedlings may occur from the soil. Infection 
of the boll may occur directly from spores that reach its surface, or 
indirectly through the flower. 

The vitality of the fungus is remarkable. Seeds from a diseased 
crop have had living fungus on then) after more than a year. Dried 
cultures remain alive for many months. Diseased bolls and debris 
reach the soil from the previous crop, and the fungUB probably has no 
difficulty in living over until the new seedlings are ready for infection. 
Spores entangled in the seed fluff must also often start the disease. 

Henoe the most important line of treatment is the destruction, by 
burning, ol all diseased bolls, as soon as possible. If they cannot be 
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picked off as they are noticed, at least no debris should be left after 
harvest. For many paeons, not the least those connected with the 
depredations of insect enemies, the clean removal and burning of the 
whole of the plant at the end of harvest is of great value. Rotation is 
by no means universally practised in the great cotton tracts of the Berars 
and Khandesh, where cotton often follows cotton for several years. 
Anthracnose is fortunately unknown in these areas at present, but should 
it appear, the soil would probably become infected in a short time and 
require to be rested. Spraying is not hopeful against this disease. 

The fungus is not known on any other plants. 

Grey mildew (Ramularia areola Atk.). — This fungus is not common^ 
in most of the cotton tracts of India, having been found so far only on 
the east coast of Madras, at Pusa, and in Dohad (Bombay). It is known 
also in the United States, West Indies, and South Africa. It is confined 
to cotton. 

It occurs chiefly on the older leaves, as the plants reach maturity, 

in the fora* of irregularly 
angular, pale, translucent 
spots, 1 to 10 mm. (usually 
3 or 4 mm.) in diameter, and 
with a definite margin formed 
by the veins of the leaf. As 
the spots grow older, the leaf 
tissues turn yellowish -brown, 
while a whitish, frosty growth 
appears, chiefly on the under 
surface but occasionally 
also above. This is the corn- 
dial stage of the fungus. 

The mycelium is confined to the spotted parts of the leaf and is entirely buried in the 
tissues except for the conidiophores, which emerge as clusters of parallel hypha, measuring 
50 to 150 by 4*5 to 7 p, branching only at the base, and marked with prominent angular 
processes from the sides. They are colourless and divided by scattered transverse septa 
Conidia are borne at the tips, and the lateral projections, which often all ooour On one 
side, are caused by renewed growth of the oonidiophore from below the insertion of the 
spores 

The oonidia are formed at first in ohains, later sfemetinms singly, and are eolourless, 
irregularly oblong, with abruptly pointed (less often ffinnded or flattened) ends, 
continuous or divided by 1 to 3 transverse septa, and 10 to 35 by 4 to 5tt in diameter. 
Tbe chains are formed as in Cladosporinm, the end spore being the youngeft. 



Fig. 153. Grey mildew of cotton (Bamularia 
arsola) : leaf with spots, under surface, x If; 
conidiophores and conidia, x 200. 


the only stage known at present. 
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The disease occurs chiefly in low-lying, moist localities, and though 
the affected leaves are shed prematurely, little damage is caused as a rule. 

Treatment is not required, so far as has been observed in India. 

Loaf spot ( MycosphcereUct yossypina (Cke.) Atk. = Cercospora gossy- 
pina (Cke.). This minor affection of the leaves is found sporadically in 
many parts of India and, like the rust, occurs every year at Pusa, which is 
outside the true cotton area. It is known in the United States, West 
Indies, Egypt, and China. 

It is said to attack only sickly loaves in the West Indies, while in the 
United States it is found usually on the older leaves but spreads over 
the whole plant in unfavourable weather, wet soil, or when the plant is 
not very vigorous. In China it is thought to cause great damage. The 
Indian experience agrees with that in the United States. 

The disease is characterised by the appearance, at any stage in the 

growth of the plant, but chiefly 
when full grown, of spreading 
spots of roundish or irregular 
outline, visible on both surfaces 
of the leaf. The spots are, when 
single, up to about 4 mm. in diame- 
ter, at first yellowish -brown, then 
whitish in the centre from the 
withering of the tissues. The 
margin is formed of a distinct, dark 
brown or blackish rim which, in 
young spots, may be reddish at 
first. Adjacent spots may unite, 
causing large patches of the leaf to 
wither. In old spots, the centre 
often cracks or breaks away, 
P ^ ^ leaving a perforation. Badly 

_ „ attacked leaves lose their green 

Fia. 164. Leaf spot of cotton ( Afycospharella^ 6 

gassy pina) : leaf with spots, x J ; coni- co lour, turn pale, and finally wither 

diophores and oonidla, x 200. * 

and drop on. 

Tl.o myoehum is stnotly confined to the spot,, tho hyph® running between the cells. 
After growth for a time, small stromatio masses of .lark hyph® collect near tho surface, 
chiefly on the upper eldest tho leaf. Prom those, tufts of oonid.ophores emerge to the 
surface, usually through the stomata. 

The oonidiophores are numerous in each cluster, long (up to 160/*), flexuous, dark 
brown, septate, and irregularly bent noar the tip. Tho oonidia are nearly colouriees, 

B, DIO 24 
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long, slender, curved bodies, narrow above and rounded l>olow, divided by 5 to 7 cross 
septa and 70 to 180 by 3/a. Both spores and stalks vary greatly in sizo, according to tho 
humidity and temperature during their development . 

A peritheoial stage of the Asoomycetc genus, Mycosphaarolla, has been found in tho 
United States, whore it is sometimes oommon on the older spots, and in China. Tho 
perithecia are ovate, black, partly immersed in the loaf, the mouth projecting on either 
surfaoo, and are 00 to 70 by Ofi to 90/a in diameter. Tho asoi measure 40 to 45 by 8 to 10/a 
and contain 8 elliptical or broad fusoid, l -septate spores. These are greenish-hyaline, 
the two oells often unoqual, narrowed at the septum, and l.» to 18 by 3 to 4/a. This stage 
has not boon discovered in India. 

As to the treatment, the same remarks apply as in the case of cotton 
rust. The damage to the older leaves is almost negligible, and attacks on 
the young parts usually indicate want of vigour or an uji favourable 
season. 

Other leaf discolorations frequently seen on cotton in India, espe- 
cially on exotics, have not been traced to any definite fungus attacks. 
Some are caused by insects, others appear to be physiological, and in one, 
case, seen in the Punjab, there was every reason to believe that the plants 
were poisoned by weak concentrations of alkali salts ut shallow soil, 
overlying an impervious bed of lime nodules. 

Root rot ( Rhizoctonia sp.). — That this widely distributed parasite 
of cultivated plants in India is capable of attacking cotton has already 
been mentioned in the account under enwpea (p. 262) and groundnut 
(p. 323), where its general characters are described. 

On cotton, Rhizoctonia causes chiefly a seedling disease. In serious 
cases, as in an attack observed in Dehra Dun in 1904, the mortality in 
the field may be considerable. At Cawnpore, in 1911, there were a 
number of cases in pot cultures of special varieties, but the local cotton 
was not attacked in the field. In Madras, in 1913, scattered cases were 
encountered in the fields throughout a considerable area in the north of 
the Presidency. The mature plant is also sometimes subject to attack 
in India and also in the United States, where, as well as in Egypt, the 
seedling disease is well known. 

Infected seedlings usually show a soft, yellow patch on the low'd 
portion of the stem, when the attack occurs while the seedlings are very 
young and the stem soft. In slightly older seedlings, when the stem is 
harder and more woody, it becomes blackened at the ground level. In 
bad cases, the rot is enough to cause tender seedlings to collapse, while 
older ones dry up and wither as if affected by wilt. Usually the attack 
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is of brief duration, and once the plants leach about 6 inches ui height 
no fuither cases occur Some seedlings succeed in shaking off the disease, 
and in this case a dry, brown spot persists on the stem 

Iho hyphdi are found in the lotted area, at first in the cortex, latei, in bad eases 
< xtondmg in as far as the pith Selorotia are rare on tho diseased seedlings They woi 
not found m the D lira Dun and Madras cases and only once from Citwnpuiu Puin 
cultures of the fungus obtained from diseased seedlings, however, yield them rn,hl\ and 
they quite agroo wi h those on < thoi host plants 

Experiments show that different varieties of cotton differ in then 
.susceptibility to the seedling disease Thus, 90 per cent, were killed 



fla. 165 Cotton root rot Affected plant with bark removed from base of 
stem and roots, x i Above, pait of surface of wood showing sdeiotia 
of Rhizootonia, a 2. 


when the \anety known as “ khaki if cotton was infected, but onty 20 to 
30 per cent when Cawnpore “ desi ” seed was used. 

As already mentioned under those crops, the strains of the fungus 
from cowpea and groundnut can attack cotton but less vigorously than 
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its own strain, while that from jute is powerless to cause injury to the 
other three. 

As regards the form of attack on the mature plant, it is not yet 
certain how far Rhizoctonia is responsible for the observed conditions, 
or how far it is secondary to some more serious adverse influence. In 
many parts of northern and western India, cotton suffers from a deceased 
condition known as “ root rot.” The base of the stem and the upper 
part of the tap root rots, the rot affecting at first chiefly the bast and 
external tissues, which break down into fibrous shreds. On peeling off 
the bark, the surface of the wood is found discoloured in a characteristic 
fashion, but the deeper parts of the wood remain unaltered for a con- 
siderable time. Rhizoctonia hyphac and sclerotia, agreeing quite with 
those already described, occur in the deeper layer of the bast and on the 
surface of the wood. 

It is noted that the disease occurs on the same patches year by year, 
and even after a rotation of 2 or 3 years. The patches vary m size from 
quite small to many yards across. Where the soil has been examined, 
it has usually been found that a layer of somewhat stiff clay, mixed with 
“ kankar ” (carbonate of lime) nodules, underlies the patch at from 
1 to 4 feet. 

The limited attempts that have been made, at Pusa, to reproduce 
the disease by inoculating large cotton plants with pure cultures of the 
fungus, have failed, and it is evident that if Rhizoctonia is the cause 
some special conditions regulate its attack. These may be connected in 
some way with the presence of the injurious alkali salts so commonly 
found in much of the area where the disease is prevalent. 

The treatment of the disease caused by Rhizoctonia has already 
been discussed under cowpea (p. 262). 

JUTE (Corchorus capsulans L. and C. oliionus L.). 

Root rot ( Rhizoctonia sp.). — The only fungus disease of any impor- 
tance hitherto found affecting this valuable crop is one caused by the 
Rhizoctonia with small, black sclerotia, described under cowpea (p. 262). 
It has appeared sporadically most years at Pusa, and has been found 
from time to time in the jute districts of north-eastern India. Few 
outbreaks have, however, been recorded as causing really appreciable 
damage, though our knowledge of these districts is too incomplete to 
enable us to be at all sure that such attacks may not often occur. 



FIBRE CROPS : SANN HEMP. 


373 


The plant may become infected at all stages of growth. Seedlings 
are very subject to attack at Pusa, the symptoms being those of a 
“ damping off.” Affected plants show first a slight, yellowish patch, just, 
above the ground level ; after a time this darkens and the tissues soften 
and collapse, the whole seedling falling to the ground. Young seedlings 
from one to two inches high are extremely susceptible to the disease. 

Older plants are also attacked at or below the ground level. The 
infected area is easily recognised by its pronounced blackening ; in this 
part the outer tissues are softened and partially disintegrated, but not 
enough to cause the stem to collapse ; the sclerotia (Fig. 7, .5) are just 
visible to the naked eve. The leaves wither and the plant dies. 
Mature plants, on a superficial examination, look as if they had ripened 
before time ; on pulling them out, however, the rot of the larger roots 
and base of the stem can at once be seen. 

The characters of the parasite havo already boon dosoribed (p. 262). No morpho- 
logical difference can bo doteotoil betwoon tho fungus on jute and on the other hosts pre- 
viously mentioned. Nevertheless tho juto parasite is unable to infect cotton, groundnut,, 
or oowpoa under normal eircumstanoos ; and tho strains from theso throe hosts are not as 
loadily parasitic on juto as its own strain, the cowpoa Btrain, for instance, being only ftblo 
to attack wounded seedlings of juto, but not the unwounded plant. 

As the area under jute is expanding rapidly within some of the jute 
districts, the tendency to grow the crop frequently on the same land is 
on the increase. There is a danger that this may lead to an accumulation 
of the fungus in some soils. As already said, rotation and good culti- 
vation are the only reliable measures to check damage by this pest. 
Recently, heavy manuring has been found on the Dacca Farm to reduce 
susceptibility to the disease in soil exhausted bv overcropping with jute, 
and this line of enquiry is being followed up. Evidence has already 
been obtained that potash is the essential constituent in this case. 


SANN HEMP ( Crolalaria juncea L.). 

Rust ( CJromyces decoratus Syd.). — This rust does a good deal of 
damage in the Godavari, and has also been found at Dehra Dun and Dacca. 
It is known in Ceylon on allied plants. 

All parts of the plant above ground are liable to attack, the stem 
being often very severely affected, and the leaves, petioles, and fruit also 
involved. 

Uredo sori are found on the under surfaoe of tho leaves, tho upper surfaoe being, in 
bad cases, marked by corresponding yellow spots, whioh may be absent in mild attaoks. 
The sori are als o numerous on the other green parts. They are scattered or orowded t 
yellowish-brown, powdery, often oonfluent. and surrounded by the remains of the ruptured 
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epidermis. The uredospores are round to ellipsoidal, dilute brown, with a spiny wall, 
and measure from 21 to 2 5fi in diameter. 


sort are found in the same situations, at a later period. They are smaller 
than the uredo son, .black, and less\ 
powdery The teleutospores are 
nearly round to oblong, with an 
evenly thickened wall, not speoially 
thiokened at the apex, but with a 
hyaline papilla at this point up to 3/u 
in length. The spores are chestnut- 
brown singly, the wall provided with 
large warts, arranged in rows. They 
measure 20 to 28 by 14 to 20/i- in dia- 
meter, and have a stalk about as long 
as the spore, hyaline, slender, and 
easilv detached from the spore. 

As with most rusts, treat- 
ment is difficult. It is not 
known whether any varieties 
resist the disease. 

SISAL (Agrfl'e spp.). 



Fig. 156. Sann hemp rust ( Uromycts deaora- 
ttu) : 1, sori on stem, x (f ; 2, sori on 

leaf, X S ; 8, teleutospores, x 375 ; 4, ure 
dospores, a 375. 


Anthracnose ( Collctotrichum 
Agaves Cav.). — This disease has 
been found from time to time 


in various parts of India, chiefly on the true sisal ( Agave rigula var. 
sisalana ), but also on other species of Agave cultivated for fibre. It was 
first described in Italy, and is known in various parts of North America, 
in British Guiana, Guatemala, the West Indies, and British East Africa. 
In the important sisal cultivation of German East Africa, a disease with 
similar symptoms has been reported but is attributed to excessive heat. 


Diseased plants are invariably affected by a curious blackening and 
withering of the leaves, which usually begins at the apex and extends 
down towards the base, but sometimes is restricted to a small, circular 
patch. The diseased portion of the leaf is shrunken, and thinner than the 
healthy and, as a result, the cuticle is thrown into ridges and furrows over 
the blackened area. In the more recently infected portions of the leaf, the 
colour is a light brown, which changes as the disease advances to deep 
black. In the final stages, small, erumpeDt nodules appear in concentric 
rings ; but in the early stages there are no very obvious indications of 
parasitic attack. 

Besides those caBes associated with a fungus which has been experi- 
mentally proved to be capable of causing the symptoms described above. 
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others have been encountered where the most careful search has failed 
to disclose any parasite. It is not unlikely, therefore, that similar symp- 
toms may be caused by conditions as yet unknown, 
and that the anthracnose is only one of a group 
of diseases closely resembling one another. 

The hyphae of the fungun aio found lamifymg m all dirot 
tions through the tissues of tho diseasod spots After growth 
for a tune within the tissues. they colloot into thick masses 
under tho cuticle of the leaf From each of these masses, 
hyphee grow upwards in a biush liko tuft and, finally, burst 
out through tho ruptured outiclo as a mass of oomdiophoros, 
bearing spores Tho leaf is sometimes capable of reacting to 
chock the spread of tho fungUH within tho tissuoH, by the foi- 
mation of a layoi of cork oolls, aoioss which tho hypheo do not 
jwss. In such cases isolated, more 01 loss circular, ciroum- 
scrilied spots of disease are found Two oi more of there 
spots may becoino confluent 

Tho aeon uli, aftoi rupture, aio covered m moist weather 
with an orango pink mass of oxtrudod spores Tho spore* 
stalks (basidia) aio (losoly crowded side by side, erect, some- 
times branched, brownish at tho bare, colourless above, and 
1 ai tablo m length but often 40 to 60 by 0 to 7 ft 

Tho spores are oblong, stiaighl, with ends somewhat 
rounded, hyaline (pinkish m mass), and very variable in length 
those in India boing mostly 13 to 2Qfi whilo the Italian 
measurements are given us 11 to 20. and thoso in the United 
States as 16 to ,31^- Tho breadth is fiom 4 to tip Amongst 
the basidia a limited number of stenlo hairs (set®) is also 
found These are fiom 65 to 170 by 6 to 6/* (generally 
short in India), septate, yellowish to dark brown, lighter 
above, and with ooute or blunt points 

Pure culture*) of the fungus have been grown in 
the laboratory and successful inoculations obtained. 

At Pusa, it was found necessary to wound the 
leaf in order to secure infection. The first result is a 
blackening of the tissue immediately at the point 
infected. Spread now takes place, sometimes rapidly, the whole leaf 
turning yellow and the change in colour progressing from the seat of 
infection until the leaf ultimately becoming blackened, shrunken, dry, 
and with the cuticle thrown up into ridges ; at other times the le&f 
resists invasion and only a small area is affected, leading to a black 
depression on both surfaces. The acervuli come out on the shrunken 
areas, usually in concentric circles. 

In the field, infection appears to take place chiefly at the tip of the 

leaf. 



FlO. 167. Anthraonoa 
of sisal ( ColMotri - 
ohum Agaves ) : leaf 
with spot, x £ ; 
acervulus with coni- 
dia and set® (after 
Hedgcock). 
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No experiments in checking the disease have been recorded, but it is 
suggested that collecting and burning diseased leaves and spraying with 
Bordeaux mixture are methods which should prove efficacious in its 
control. 



CHAPTER XL 


SUGARCANE ( Saccharum officinarum L.). 

Smut ( Ustilago Sacchari Rabenh.). — This is the most easily recognised 
of the fungus diseases of sugarcane. It is known throughout the East, 
and also in the West Indies, Natal, and Italy. In India it is found 
chiefly in the north, but occurs practically wherever cane is cultivated. 
Only certain varieties are usually attacked, so that even in districts where 
it is not uncommon, individual growers may be unacquainted with it, 
because they do not grow susceptible varieties. 

Affected plants are known by the production, from the growing 
apex, of a long, whip-like, dusty, black shoot, often several feet in length 
and much curved on itself. This shoot is an entirely abnormal growth, 
devoid of leaves, slender, and flexible. Most probably it represents a 
floral shoot, though often found in varieties that do not ordinarily flower 
in northern India and on parts of the plant, such as lower lateral shoots, 
where flowers are never borne. In its earlier stages, it is covered by a 
silvery -white, thin membrane, which soon ruptures, exposing a dense 
black dust, consisting of the spores of the fungus. 

From the upper portion of the affected cane no secondary shoots 
arise, but from its lower part- they are often fairly abundant, and may be 
all in their turn prolonged into spore-bearing organs. In such cases 
it is evident that the whole plant is infected. Sometimes, however, 
only a single lower shoot is thus transformed, the reBt of the cane being 
normal ; thifc, no doubt, indicates that localised infection of a part, only 
of the cane may occur. 

Tho tissues of tho oano below the abnormal shoot, and also the tissues of the Jut ter, 
o rntain the mycelium of the fungus. The hyphee aro found between the cells, and collect 
in dense masses towards tho surface of the spore-bearing shoot. It is only here that 
spores are formed. The silvery sheath, covering tho spores at first, consists of the raided 
epidermis (provided with hairs and stomata) and sometimes some of tho subjacent layers 
of oells, and even a few fibro-v&scular bundles. As the spores are formed in great quantity 
under the sheath, they rupture it, throwing it off in flakes and shreds. The deeper part 
of the shoot oonaists of large, thin-walled, parenobymatous oells, with numerous Boattered 
fibro-vasoular bundles. 
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The spores am spherical, smooth, light brown in oolour, and 8 to llg in diameter; 
mingled with them are little groups of colourless, thin-walled, sterile cellB. They are 
disseminated by the wind, and germinate readily on falling into water or moist earth. 
On germination, a short promyoeliunris formed, usually straight and divided into two or 
throe oolls by transverse walls. Sporidia arise at the tip, and laterally near the septa. 
They are narrow, elongated, straight, singlo-o< lied bodies, joined to the promycelium by a 
short stalk but easily oast off. Under favourable conditions of nutrition, they can bud 
off similar sporidia in short chains from their ends. Sometimes, instead of bearing 
sporidia, the promyoelium grows out into a branohed hypha. 

The exact details of the maimer in which the cane is infected are 

not fully known. It 
is probable that the 
disease can be trans- 
mitted through setts 
cut from diseased 
plants, containing 
living mycelium, as 
well as through spores. 
When totally infected 
plants^re cut back to 
the ground level, the 
new “ ratoon ” shoots 
that appear from below 
ground, early produce 
spore-bearing shoots, 
sometimes when only 
a few inches high. 
Though it is possible 
that these shoots are 
the results of new in- 
fection by spores shed 
on the soil, it is more 
probable that they are 
caused by renewed 
growth of mycelium 
already present in the 
old stool. This 4 * n 

Flu. 158. Sugarcane smut {UHUago Saeohari ).- smutted with exnari- 

shoot, x J ; spores and their germination, x 250. agreement wltD expert 

ments in Java and 

at Poona, which have shown that setts cut from infected stems give 
rise to smutted plants. Probably most of the early cases of smut, 
which are found at Pusa (where cane is usually planted in March) during 
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the hot weather and early rains, come from pre-existing mycelium in the 
setts used for planting. 

The greatest proportion of cases of smut occurs, however, not early 
in the season, but when the canes are approaching their full growth and as 
they mature. These cases appear to be, for the most part, the result of 
spore infection. Artificial inoculations carried out in Java on the cut 
surfaces of the setts and also on the eyes, gave rise to diseased shoots in 
about a year. At Poona also, setts planted after being smeared with 
spores gave only a few cases after five months, but practically total 
infection was visible in eleven months. On the other hand, there appears 
to be good reason to believe that direct infection can be caused in the 
growing plant, at the point where, as we know from investigations of 
other diseases, the cane stem is least able to resist attack. This is in 
the vicinity of the joints or nodes, where the hard rind is interrupted by 
the shoot buds and rudimentary adventitious roots. If spores are 
placed inside, the leaf sheath in contact with this pari of the stem, 
a smutted lateral shoot may be obtained. Attempts to infect the cut ends 
of the setts have, in a few cases, given evidence that the fungus is able 
1o enter and form a small mycelium in the pith,, but our experience in 
Tndia suggests that this is not so common as infection of the bud. 

As a rule, the disease does not cause much damage, but the continued 
growth of susceptible varieties, once smut appears in them, is attended 
with much danger. No case of smut occurred in the cane crop at Pusa 
lor the first three years of its history, and thoie was little for the next 
lour years. A new lot of seed of Khari cane obtained in 1911, from a 
locality where smut was prevalent, led to a good many cases in the follow- 
ing year and the disease accumulated very rapidly, over 50 per cent, of 
this variety being smutted in 1913. The cases can be found from the 
first month after planting, and gradually increase in number up to the 
time of ripening. The varieties most subject to attack all belong to the 
class of thin canes so widely grown in many parts of India. Khari, 
Nanai, Saretha, Sonabili, and Katha all at times suffer severely, but no 
variety seems to be quite immune. Khari is perhaps the most susceptible 
cane cultivated in Bihar, and Saretha in the north-west. Of the thick 
canes, cases have been observed in most varieties, but no severe outbreak 
has as yet come to notice in this class. 

No detailed experiments in the treatment of this smut have hitherto 
been carried out. It is safe, however, to recommend that all diseased 
plants should be cut out and burnt as soon as the attack is noticed, and 
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should on no account be used for seed. Until some reliable method of 
preventing infection is discovered, it is wiser not to grow the susceptible 
varieties named above once the disease begins to accumulate, but to 
replace them by those varieties known not to suffer severely, of which 
there is, fortunately, a plentiful supply in most parts of India. When the 
exact manner of infection is known, it may be possible to find some 
method of disinfection by fungicides, etc., such as are used in the cereal 
smuts, but preliminary experiments in Bombay indicate that copper 
sulphate is of little value and, besides, reduces the germination of the 
setts. 

Besides sugarcane, the fungus is said to attack the wild species, 
Sacehamm spontaneum , in Java and even to spread from the latter to 
the cultivated crop. In India, Sacrharum spontaneum and S. fuscum 
are attacked by smuts which only differ from the above in the spoie 
measurements. Whether they are the same < i distinct species will onlv 
be ascertained when the cross inoculations arc tried. The fungus on 
S. fuscum is eaten by cowherds in Assam. 

* 

Rust ( Pucctnm Kuehnu (Kr.) Butl.). — The rust of sugarcane was first 
described as Ui omyces Kuehna in Java, in 1890. Three vears latei, the 
same fungus was found to be the cause of cane rust in Australia. Lati i 
on, it waH shown that the supposed Uromyces spores were only uredo- 



Fie. 159. Pueeinia Kushnii : teleuto eori, that on left 
with a uredospore, x 300. 


spores. It occurs also in Japan, and probably elsewhere in the East, but 
does not seem to be known in the New World. In India, it is exceedingly 
common on a number of wild Saccharums, such as S. arundinaceurn , 
S. spontaneum , S. fuscum, and S . Narenga , but has not yet been found on 
the cultivated sugarcane. It is difficult to believe, however, that Indian 
sugarcane is everywhere immune to this fungus and it may be expected 
to occur in some part or other of the Empire. 

On sugarcane, only the urodo stage is known. This appears in the form of elongated, 
orange aj oti, which later turn more brownish. They are visible on both surfaoes of the 
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leaf, on the under Hide being slightly raised above the leaf level. This is due to the forma- 
tion of the sori, whioh, later on, rupturo and expose the orango spore-powder. The uredo- 
spores are oval or pear-shaped, orange, and vory variable in size, from 29 to 57 -fyi long 
by 18 to^4-5/x. broad, the average being about 48 by 27/a. The wall is provided with short 
Hpines. At the margin of the sorus, paraphyses are found, which are club-shaped or 
cylindrical and of a brownish colour. On gormination, the spores give a germ -tube which 
can mfeot the loaf by ontering through a stoma. Before entry it swells up, and probably 
forms a sort of appressorium 

It has been observed that, in India, forms with the sporo-wall equally thickened all 
round, and forms with a pronounced apical tluckonmg, ocour on some hosts, and m Japan 
both forms liavo been found m the same sorus The latter form probably gave rise to 
the idea that the fungus was a Urmnycos A somewhat similar condition has been des- 
cribed above in the castor rust (p 331) 

The toleuto stage has been found on Saccharunt spontamum in Burma and proves 
the fungus to be a Puocima. The teloutospores may occur m separate son on the undoi 
surface of tho leaf, tho sori being small, elongatod. and blackish ; or thev may c ccui inter- 
mixed m tho uredo son They are accompanied by paraphyses similar to tho'-o of the 
uredo son 

The teloutospores are obloug to club-shaped, rounded or somewhat flattened above, 
narrowed below, not constricted oi only slightly so nt the septum, pale yellow in coli ur 
(? immature), and measure 25-40 by 10- 18/* in diametoi. Tho spore* are homo on vory 
short stwlks Their germination has not boon observed. 

No suggestions ft r treatment can be given, but it is apparent that 
the varieties of sugarcane commonly grown are immune to the attacks 
of the forms of the parasite found on wild grasses in India. The case is 
evidently sunilar to the black rust of oats. Possibly even if the form 
capable of attacking sugarcane is found in India, certain varieties will 
prove resistant and can be grown. 

Ring spot ( Leptosphmm Sacchan van Breda). — This is one of the 
leaf-spotting diseases of cane and, like all its class, does not kill the plant, 
but only reduces its vigour by injuring the leaf surface. It is not 
common on the thin canes usually grown in northern India, but is found 
everywhere that thick canes are cultivated. It was first described in 
Java, and occurs in most other cane-growing countries in the East, in 
Hawaii, the West Indies, and Australia. In Java it is found also on 
Saccharum spontaneum , a wild grass. 

The first symptom is the appearance of small, discoloured, generally 
purple spots, visible on both surfaces of the leaf. These grow, drying 
up in the centre as they expand at the margins. The margin consists 
of a narrow, reddish -purple or brownish band, outside which there is 
sometimes a yellow areola, merging into the green of the leaf. 
The centre of the spot is dry, straw-coloured, and sharply marked off by 
the surrounding coloured ring. It is dotted with little black points 
arranged in rows, which are the fructifications of the parasite. The 
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spots are scattered over the whole 01 pait of the leaf blade and, when full 
grown, may measure up to 15 mm in the direction of the length of the 
leaf by 5 mm m bieadth The ring is usually not 
regular, but lobed -or broken by angular projections, 
and the union of neighbouring spots increases this 
urcgulant\ Ultimately, a considerable part of the 
leaf dues up m the neighbourhood of the spots, so 
that a feature of the latei stages ot the disease is 
tie piematuie withering of the kaf 

I he leaf tissui s at the spots are permeated by the fine, hyaline 
hyphee of the parasite which ontei di redly into the cells and kill 
them causing the contents to collect in a brown moss in tho 
centre At i Inter stage thi mycelium pxtonds into tho withonng 
portions of thi leif outsider the rings Pen thou a are formod in 
large number chiofl\ within the rings but also to eonio oxtent, 
nut-sido them Jhe\ occui ns tinv black dots n i ranged m rows 
lietweon the finoi \oms of the loif and ontnol\ bunnd in the loaf 
tissues except just nt tho tip J hoy aio MsibJe only on tho upper 
*ut face ot the leuf whole t hoy e pen by u hno mouth 

The poiithecin are ilmost spherical ilsmt i40/u in diameter 
and contain Dinner ms sluuli, elongate cl * lab shaped asci 
hot we on which are fine paraph\sos (I ig 11 3) The nsci 

contain e uh eight spun at ranged m twe 11 three rows llu 
spores aio elongated 1 sojitalo tho twi ceutial colls especially 
tho nppoi cnc thicker than tli >se at the ends sti ught rounded 
at tho ends and about 20 to 24 bv "p- in diamotoi They are 
colouiless at first and light blown lutoi 

A eonidiul stage has ben described on the surface of the 
spots m connection with the same ni^ cobum It was at one 
time Irobeved to 1>« tho chief agent in the spread of the disease 
tho perithocia forming a listing stage to cam tho fungus over 
to the next crop Mon* recent investigutois, however, state 
that it is a {separate fungus of merely accidental occurrence on 
the spots 

Fig i« 0. Ring spot The damage caused is not consideiablt A severe 

fuptotph O ’ r 1 * attack may do a go d deal ot lnjtuv t> the leaves 

uude/suifaoe of and, as noted in Hawaii, may give the cane a 

loa /,and ilrt^f decided check Such seveie attacks are rare, but 

some 1 8U »iight?y have ^ een Reived in Burma aud occasionally else 

magnified to w h ere Unfavourable conditions of hoi! and moisture 
show peuthecia. 

appeal to pi ©dispose the thick canes to it Thm 
canes are nevei damaged. 

No treatment bps been tned, as it is unlikely that it would repay 
cost at present. 

Black rot ( Spharonema adipowtn But!.). — This is one of the 
commonest fcngi found on cane m India, but as it is incapable of infecting 
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growing cane, and only attacks after ripening and usually after the cane 
is cut, the damage caused by it is slight. The same fungus is said to 
occur sometimes on diseased coconut wood in Ceylon. It has also 
been found on sugarcane cuttings received at Pusa from the United 
States, and one stage of it has perhaps been described, under the 
name Catenularia ecliinata Went, in Java, so that it may be widely 
distributed. 


At the time of harvesting the crop, it is exceedingly common to find 


the broken ends of canes 
which have been injured by 
animals or the wind, covered 
with a greyish-black fungus 
growth, the cane pith itself 
being blackened at the point 
of injury. The same 
appearance may often be 
found on canes cut for seed, 
when kept for a few day*. 
On splitting open the cane, 
the pith, deeper m than 
the blackened portion, is 
found dusky led m colour, 
the colour being usually in 
streaks. There is no obviouh 
chauge in the exterior of the 
care until a late stage, when 
the drying up of the pith 
causes shrinkage. At this 
period the pith is of a muddy 
brown colour, the redness 
disappearing gradually as 



the cane dries. 

The discoloured pith is full of 
the hyph® of the fungus, whioh 
also grow freely in cavities in the 
pith caused by drying, and appear 
on any out or broken surface 


Fio. 161. Black rot ( Sphaeromma a diposum) and 
dtyrot {Botryodiplodia Theobromtit) of sugai 
cane : 1, cut end of sett with pyonidia of tiphtc- 
ronema, x pycnidinm of same, X about 
4; 5, neck of same, y 280 ; 4, pycuospoies of 
same, x 260 ; 5, endoconidia of same, ' 260 ; 6? 
cane stem with dry i ot, nat. Rise ; 7, part of 
pycnidiura of same, x 130 ; b. pycnospores of 
same, x 250. 


The hyph® are groyish-brown and penetrate the oells of out or ovoi-npe cane readily 
Conidia are found at the surface and in cavities in the cane. They are formed in tho 
ends of short, speoial lateral branches, of which two or three may be united at the base, 
though more usually they are single. ' These branches are septato, usually forming a row 
oi two or three oells, of whioh the end oell is the longest and boars the spores (Fig. 101, 5). 
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Whan spore-formation is about to begin, the tip of the hypha softens and swells 
up into a globular protrusion ; at the samo time, the portion of the protoplasm oolleoted 
in this becomes out off by a wall formod transversely in the hypha, just below the swollen 
part The wall of the hypha then ruptures near the base of tho swelling, and the nearly 
round mass is extruded as a sporo. After the first sporo is expellod, others are forced out 
from the open end of the hypha as fast as they oan be produced, each remaining attached 
to the one behind to form a ohain. Conidia thus formed within the oonidiophore are 
termed “ endooonidia.” 

The endooonidia are unicellular and extremely variable in size and shape, ranging 
from elongated, smooth, hyaline spores, to largo, round, deep brown, spmy ones 
(Fig. 101, 5). Sometimes all the members of a chain are alike, especially in the case of 
thoso first formod, whioh aro usually smooth and oolourleBs, while those produced lator are 
more often brown and spiny. Sometimes, however, tho chain contains widely different 
members. Tho brown colour and Hpines of the larger spores only appear aftor they have 
emerged from tho hypha. Tho wall m theso spores is at first much thiokor than in the 
smaller spores and is soft and jelly-like as they emerge. Tho inner layers then haidon 
rapidly and turn brown, while tho outer condenses in radial bands to form tho spines 
The chains may consist of 50 or rnoro spores, and the latter vary m size from 9 to 2fi by 4*5 
to 18/u. in diameter, tho smaller being hyaline and tho largor coloured. 

Later on, a second spore form appoars. Largo numboro of erect, rigid bristles, about 
n quarter of an inoh in length by 50p. broad, riso from tho mycelium m plncos o\[>osod to 
the air. AtT the'baso of oach is a round, hairy rocoptaclc, immorsod partly in t lie mycelium 
The whole forms a pycmdium, tho round part containing tho spores, while the nock is 
prolonged into a long, hollow bristle, opening by a mouth nt tho tip,*! round which there 
is often a short fringe of hyphse (Fig 161, /-.?) 

Tho spores are formod within the basal swolling, om bedded in a foamy substance of a 
fatty nature, which is expelled with them in a translucent fatty drop at tho tip of tho 
bristle. Tho spores are m groups of from two to Homo dozons m this mass and are half - 
moon or crescent-shaped, hyaline, unicellular, and 6-fi by 3 C)fi in diametor (Fig. 161, 4) 

Both types of spore germinate rapidly in water, giving nso to a Roptate mycelium 
which is similar in both cases, being hyalino at first and thon greonish -brown. Frcm 
cuch form, the other can bo readily obtained in artificial culturob. 

The fungus is not a strong, parasite of cane. It is hardly ever, found 
untO the crop is ripe. At this stage it can attack the cane pith if inocu- 
lated through a wound, but it i,s rarely found damaging the cane before 
it is cut. It is more destructive to the cut setts used for planting, but 
even here rarely kills the sett if germination is rapid. The worst injury 
seen was in the case of setts kept in earth pits for about a fortnight 
before being used for planting. The fungus developed considerably in 
these, and a good many failed to germinate or died off soon after germi- 
nation, white ants in most cases finishing the damaged sett before the 
new plant was established. 

There is no treatment required, if proper care be taken to plant 
sound setts, and the conditions are favourable to early germination. If 
germination be delayed, the injury caused by white ants is so enormously 
greater than by any fungus disease, that it is not possible to say, until some 
effective method of checking these pests is found, whether any fungieidal 
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treatment would repay cost. Dipping the setts in Bordeaux mixture, as 
is done in Borne cane-growing countries, where other fungi injure the seed 
has not been found to benefit the crop materially in India. 

An allied fungus, Thielaviopsis paradoxa (de Sey.) v. Hoeh. is often 
found on pine-apples, causing a destructive rot of the fruit, and the same 
or a very similar form causes the " pine-apple ” disease of cane setts in 
many parts of the world. The latter has been introduced into India on 
several occasions, but has so far failed to become established on cane in 
this country. Its pycnidial stage, showing that it also is a Sphaeronema, 
has been found in India, but not elsewhere.* Another distinct but allied 
species is common on palms in India, and cue or other of these is Btated 
to be the cause of the stem bleeding disease of the coconut in Ceylon 
and the West Indies. 

Dry rot ( Thyridarui tarda Bancr . — Botryodipbdm Theobromce 
Pat.). -The fungus* which causes this disease is one of the commonest 
soil dwellers m cultivated land in India, and is an interesting example 
of the class of “ weak ” parasites, already several times referred to. 
Though undoubtedly capable of living as a saprophyte, it is more often 
found on dying or recently dead plants, than on old dead plant tissue. 
It is much easier, for instance, to obtain specimens by examining the 
roots of fairly recently cut back woody plants, when these roots are 
Hlowly dying in the soil, than by burying quite dead plant tissues. Appa- 
rently it requires for its optimum growth some slight degree of vitality 
to be left in the tissues it feeds on. Naturally, as a result of this, it is 
constantly being accused of causing the death of plants that have really 
been injured by some other agent. It ur questionably can kill healthy 
plants sometimes ; much more frequently it merely hastens death, when 
the plant is already much weakened by other causes ; sometimes it is 
a purely harmless saprophyte. Most observers 'have found it difficult or 
impossible to get it to attack healthy, unwounded plant tissues, and this 
has been our decided experience in India ; we have also failed to get it to 
attack even the wounded tissues of plants such as indigo and orange when 
these were strong healthy examples, though it is commonly found 
completing the destruction of weakly individuals of these species ; in other 
cases, such as rubber and sugarcane, it is an undoubted wound parasite ; 
and a few cases have been encountered where it has attacked apparently 
quite strong, sound plants [see for instance under tea (p. 445) and rubber 

* Pycnidia are reported to have been < Dr lined in oultures of the pine-apple rotting, 
fan gnu in the United States, but have not been desari bed. 
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p. 510)], so that it is unsafe to deny that it is sometimes a true parasite, 
'not lequiring wounds or weakness to facilitate its attack. 

Though, in India, it is most often found attacking* roots and the 
base of the stem, and we have therefore come to regard it primarily as a 
soil dweller, it is not uncommonly found also on stems and branches above 
ground ; it is said, too, to appear readily on cut surfaces of pine-apple, 
potato, and other such material exposed to the air, in the vicinity of rubber 
estates in Malaya. Hence its spores must be freely present in the air. 
That it is not necessary for it to reach the soil to go through all its stages 
of development is also well established. It is as an inhabitant of the 
woody tissues of plants that it is best known, but it appears to be a matter 
of indifference whether these tissues belong to above-ground or under- 
ground parts ; all that is necessary is that they should be accessible to 
the spores and belong to a suitable host plant. 

The range of hosts and distribution are very wide. In India it has 
been found on sugarcane, tea, rubber, indigo, papaya, coconut, orange. 
In other countries on sugarcane, tea, rubber (Hevea, Castilloa, Ficus), 
coconut, cacao, coffee, camphor, tapioca, mango, papaya, Albizzia 
moluccana, Erythrina lithosperma , Latania borbonica ; and the list of 
hosts is constantly being extended. It has only been recorded as inju- 
rious to ‘sugarcane, tea, rubber, cacao, Albizzia, and Erythrina ; in the 
other cases it is harmless or doubtful. It has been found almost through- 
out the tropics ; in Ceylon, Malaya, Java, the Philippines, Samoa, South 
America, the West Indies, and West Africa. 

On sugarcane it has been recorded from the West Indies, Java, and 
India. It does not appear to be capable of attacking healthy, unwounded 
cane, but has been proved to be able to attack through wounds, and it is 
not uncommonly found 'growing in canes suffering from red rot or other 
diseases. By itself it is not of much importance, but it probably adds 
to the damage caused by other agencies. 

The disease resembles several other stem diseases of cane in causing 
little change in the external appearance until the pith is well permeated 
by the fungus. Hie tissues are turned blackish, the colour being largely 
due to the presence of the dark brown hyphse in the cells. Later on, 
the affected canes become shrurken , and generally show longitudinal 
wrinkles from the falling in of the rind on the dried and diminished pith 
The rind itself is raised into numbers of little, elongated blisters, which 
.are arranged in rows, following each other closely m the row (1%. 161, 6 ). 
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These blisters soon burst, and in moist weather extrude strings of sporeR 
from the mouths of the underlying pycnidia. In dry weather, the spores 
are not extruded in strings, but remain as a blackish crust overlying the 
ruptured areas. 

The mycelium of the funguh in greyish-brown or dark brown in colour, only the very 
young hyphffi being colourless. All the tissues are invaded, the hyphn passing freely 
through the oell wallH from oell to cell. The main hyphce are rather straight and rigid, 
and often extend for considerable distances within the vestals, while shorter brandies 
enter the parenchyma of the pith, and from these, fine, colourless threads ramify in every 
direction. The diameter is variable, averaging about 5 fi 

Whan fructification begins, masses of brown hyphes oolloot to form dense stro ma ta 
under tin rind, usually in vertical linos. The pyonidia are formed in these stromata, 
mmetimos singly, sometimes several embedded in a common mass. They are hollow 
receptacles, formed of an outer thick ooat of brown oells and an inner one of oolourless, 
thin-walled oells. From those of the latter which bound the cavity, short stalks project 
mto the middle of the space Some of these are fertile, bearing spores, while others, 
longer than the first, are sterile paraphyses (Fig. 161, 7). 

The spore* fall off as soon as ripe, and as fresh onos are constantly produoed, they 
may eventually tie foroed out at the mouth of the pyomdium on the surface of tho rind* 
When first formed they arc oolourless and undivided, but later on they become deep brown, 
and have one transverse septum (Fig. 1G1, S). They are oval, not constricted at the 
septum, measuring 21 to 28 by 11 to \4fi, and borne on stalks about equal to the spores in 
length. The paraphyses are hyaline and up to about 1 00/* long. 

On germination, which may ooour while the spores aro still in the oolourless, undivided 
Htage, a germ-tubo grows out from one end, less often one from each end, and gives rise 
to a hranckod, septate my odium in which the hyphes often unite by anastomosis. The 
voung mycelium is at first white, but soon beoomes coloured. Ripe pyomdia are formed 
in artificial culture on sugarcane in about two weeks from tho germination of the spores. 

Sugarcane has been artificially infooted with this fungus in the West Indies. Only 
wound-infections have been described, pure cultures of the parasite having been inserted 
m small cavities under the rind. These produoed a diseased area extending for about 
two inches from the inooulatad point in four days, and pycnidia began to form ‘in soma 
cases within this period. Cane was also successfully inoculated in the same manner 
using oultures derived from diseased cacao, the intemodes above and below the seat of 
inoculation boooming infected in eighteen days and pycnidia being plentiful. Further 
experiments proved that the fungus from oano attacks cacao equally readily. 

It is stated that this fungus iB tho lower stage of an Asoomyoete, named Thyridaria 
tarda Banor., which has been obtained in the stromata on cacao from West Africa, aftof 
about six months in a moist atmosphere, and has also been found on old rubber twigs 
(Hevaa) which had been infected with the Botryodiplodia. The proof is not conclusive. 

Though not uncommon on sugarcane, it is probable that this parasite 
is not able to do much damage. It occurs usually in scattered cases, not 
in definite patches, and the cane is generally found to have been injured 
or weakened by some other cause. It has also been found on setts that 
had failed to germinate, but without aDy evidence that it was the cause of 
the failure. Should it ever become a dangerous enemy— a contingency 
always to be borne in mind in dealing with fungi of this sort — its 
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treatment will probably be in the direction of cutting out and burning all 
affected stems. As it does not occur on the leaves, and as there is no 
reason to believe that it can attack sound sugarcane through the roots 
this procedure will have a much greater chance of success than in such 
diseases as red rot. 

The diseases of tea and rubber caused by this fungus are described 
below (pp. 445, 509). 

Collar rot (Herder sonina Sacchari Butl.). — This is a disease which 
is sometimes confused with, the much more frequent red rot. Though 
up to the present it has only been identified accurately in Jorhat, Samal- 
kota, and Bangalore, it probably occurs in the Central Provinces and 
other central and southern parts of the country. It has not been found 
in northern India and is probably unable to survive the extreme changes 
of temperature of the more northern districts. It is not known outside 
India. 

The symptoms outwardly resemble those of red rot ; the top leaves 
wither back from the tip along the edges, the midrib remaining green later 
than the rest of the leaf. The larger leaves below the crown appear to suffer 
first, those at the apex remaining unaffected for some time. When the 
leaves have fully withered, the cane is found to be much lighter than 
normal. On splitting, the upper part is usually pithy and dry in the 
centre, or even with a central cavity along each internode, around which 
the pith is dry, white, and flaky. Lower down the pith may be still 
juicy, but has a curious translucent, water}’ appearance ; still lower the 
central portion may be brown, while red streaks or patches may often 
be seen, especially at the nodes(Fig. 162). At the base, where the roots 
arise, the red colour predominates and is especially visible at the nodes. In 
old cases, the lower in tern odes alst> dry up and may develop a central 
cavity, surrounded by red or brown pith. The roots arising from the 
basal nodes are usually blackened and rotten, and the appearance sug- 
gests that the disease enters the base of the stem from the roots. Some 
cases were marked by a copious sprouting of the buds at the lower nodes, 
the shoots thus formed subsequently withering. It is uncertain whether 
this is a symptom of the disease or is due to a distinct condition, as it 
is not universally present. 

The mycelium of the parasite is found m the reddened parts only, being absent from 
the translucent upper portion of di eased canes Sometimes it oolleota chiefly at the 
nodes, the intervening intemodes remaining almost free from hyphe until a late stage. 
The discoloured roots always contain a considerable quantity of myoeliom. In the early 
stages, tho hyphte run between the cells, being usually very fine, though thick one* 




F* 162 WILT (left) HFLMINTHOSPORIOSE ( middle > AND 
COLLAR ROT (right) OF SUGARCANE. 




SUGARCANE : COLLAR ROT. 


389 



JftO. 168. Biwtortonina Sacohari : 2, hyphae m pith cell*, x 145 ; £, thiok hypha 
with thinner brandies, X 260; 3, finer hypha with anastomosis a and 
chlamydospores, X 260 ; 4 , chlamydospores, two germinating, x 875; 5, 
ohlamydoepores, a b early stages, e d ripe, x 260 ‘,6, part of pyonidial wall 
with fertile layer ; 7, sooleoospores with branched stalks, x 470 ; 8, pycno- 
spores, x 470 ; 9, simpler types of stalk, X 470. 
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sometime* are found. Later on, branches from the intercellular mycelium penetrate the 
walls to enter the cells. All the tissues are invaded, fibre-vascular bundles as well as 
parenchyma (Fig. 163, 1). In the cells, and especially in the vessels, very thick 
hyph® may ooour, sometimes alone, sometimes intermingled with the fine filaments ; 
both kinds belong to the same myoelium and can be tr^oed into direot continuation 
with one another. At first septation is rather scanty (Fig. 163, 2), but in the older hyph® 
the septa lie very close together, the segments thus formed being often broader than they 
are long. No trace of spore formation has been found on the oane before death, though 
spores are formed on the old dead oane and also in artificial oulturo. 

In culture, the mycelium is whito or very pale yellow. The main branches are very 
thick (up to 1 Cfi in diameter), at first hyaline and sparingly septate, then pale yellowish 
and closely septate. Branching is oopious and often reotangular. From the older hyph® 
extremely fine, hyaline, thin-walled branches are given off (Fig. 163, 3). These are often 
irregularly swollen, or evon nodular, and measure sometimes only 1/a in diameter. Inter- 
mediate stages, consisting of hyph® 6 to 8/a in diameter, freely septate when old and often 
irregularly swollen, are common. The thioker branches break up readily into ohlamydo- 
spores (Fig. 163, 4-5), which may be terminal or intercalar, and are usually arranged in 
short chains. They consist of thick-walled colls filled with fatty matter, variable in size 
and shape, round to long elliptioal, and up to 33 H in diameter, at first hyaline but later 
yellowish. They often soparate from the mycelium when mature, and germinate in water 
readily. 

Pyonidia arc formed in cultures and have also been found on old dead cane. In 



culture they appear in large, black, nodular stromata, about 1 to 2 mm. in diameter, 
composed of an outer portion of brown fibrous tissue, and an inner of dark brown paren- 
chymatous oelle, often many layers deep, within whioh spore-producing oavities (loculi) 
are hollowed out (Fig. 164, 2 ). On old canes, the stromata are found under the epidermis 
or somewhat deeper, at the internodes. They are smaller than in culture and without 
the fibrous covering. The base is broad, and extend? all round as a rather narrow layer 
between the cells of the outer oane tissues. In the oenfeie* the epidermis is rafced up and 
r up tur e d by the roughly conical deep portion of the fruit body, 'which is hollowed out 
into one or several loculi. Unilocular stromata are most frequent on the 0 *ae, multi 
locular in cultures. 
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The spore-bearing loculi are deeply sunken in the stroma, very irregular in shape, and 
variable in number. They often communicate with one another by narrow passages 
and sometimes several unite above into a common mouth, though eaoh loculus may open 
independently. The mouths are formed late and are usually not prominent. 

The cells bounding the cavity are lightor in oolour than the rest of the stroma, and 
grow out into one or more hyaline Bporophoros (“ basidia ”), which are branched, irregular 
projections, eaoh branch beihg pointed and ending in a single Bpore (Fig. 163, 7-0). 
Septa occur sparingly towards the base, the ultimate branches being always slender and 
unseptate. In some stromata, the basidia are mostly unbranched. 

The spores are of two kinds, borne on exactly similar sporophores but apparently 
only one kind on any particular sporophore. One type, known as pycnospores, is 
brown, elongated, rounded at the ends, usually straight but sometimes curved, unseptato 
or with one or two transverse septa, and measuring 15 to 24 by 3 75 to 5/u. in diameter 
(Fig. 164, 2 ). Germination occurs by a germ-tube from one or both ends, the hyph* 
being at first unseptate (Fig. 164, 6). 

The other spore form (Fig. 164, -3), the scoleoosporeH, consists of hyaline, filamentous 
cells, usually without septa but with many oil drops, straight or irregularly curved, 
of uniform breadth, or tapering above, and 20 to 60 by 0-8 to 2 fi in diameter. They 
have not been germinated. An intermediate form of Bpore (Fig. 164, 4), is sometimes 
found, consisting of pale yellow, elongated, 1 -septate cells, 18 to 30 by 2 to 3*75 p. in 
diameter. 

All these spore forms may ho found intermingled in the one loculus, or one or other 
may predominate over the others Three -colled spores ere never common. 

Infection can take place both through wounds in the stem and also 
through the roots, the latter being probably the usual way in cane fields. 
Canes inoculated when more than half -grown in October, withered between 
January and March following. The parasite is much less virulent in 
Pusa than in Madras, the growth in wounded canes being slow and 
root inoculations without wounding having failed. It seems probable 
therefore that the disease is restricted in its distribution by climatic 
conditions, as so many of the fungus diseases of crops in India are. 

The extent of the damage is not accurately known. Both at 
Samalkota and Jorhat it caused uneasiness on the Government Farms, 
but at Jorhat there may have been two diseases at work. There are 
many parts of India where cane suffers from a condition characterised 
by excessive Bprouting of the lower buds and degeneration of the plant, 
sometimes to such an extent that no true canes are formed but only 
grass-like shoots. If it be shown that the present fungup is responsible 
for this, then it must be considered a cause of serious disease. 

Probably the routine precautions urged in the next section in order 
to combat the spread of red rot should be effective in controlling this 
disease also. 

Rod rot ( CoUetotrichum falcatum Went).— The disease known as 
red rot in most English-speaking cane-growing countries, and as red smut 
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in Java, is undoubtedly the most serious to which sugarcane is subject 
in India. It is found throughout the country and is known in practically 
all other sugarcane-growing lands. 

The first external symptom of the disease is that the upper leaveB 
of a shoot, usually one approaching maturity, begin to lose colour and 
droop slightly. Then they wither at the tip and the withering progresses 
down the margins, leaving the centre green. It is usually not the young 
leaves at the tip of the shoot that are first affected, but the third or 
fourth from the top, these being the most prominent leaves of the cane. 
Later on, the whole crown withers and droops. At this stage there is no 
visible alteration in the cane stem and, except that withered and green 
shoots may occur in the same stool, the condition might be taken to be 
due to drought. Usually, especially in thick canes, when one cane of a 
stool shows the disease, the whole stool is ultimately, though often slow T lv, 
destroyed. Less often, and chiefly in thin canes, only a single shoot is 
affected. As will be seen below, the disease has a different origin in the 
two cases. 

As the disease progresses, in severe attacks, large patches can be 
seen with every stool destroyed. By the end of the season little or 
nothing of the crop may be left undiseased. No other disease of cane 
seen in India causes such complete destruction, in bad cases, as this. 

On splitting open a cane in the early stages of disease, a rather sour 
smell may be noticed , and the tissues are found to be reddened in one or 
a few intemodes, usually towards the base. This discoloration, which is 
often present long before there are any external symptoms, appears first 
and is most intense in the vascular bundles, but ultimately extends to 
much of the cane pith. It is not evenly distributed, streaks or patches 
of darker colour separating lighter areas. Often definite red blotches, 
with a Vhite centre transversely elongated, are found, and these are 
quite characteristic of the disease. In some outbreaks they may be 
absent from many individual canes* Several other fungi cause reddening 
of the pith and so do wounds in many cases, so that it is not easy to dis- 
tinguish red rot in this stage by the unaided eye. Usually the reddening 
can be traced right down to the base of the stool, and in early stages, 
when only a single cane in the stool has begun to wither, the other out- 
wardly sound canes may Bhow red streaks rising from the base into the 
lower intemodes. Occasionally, the reddening is confined to one or a few 
intemodes in the centre of the cane, the upper and lower parts being free 
from disease. Spread to other canes in the stool does not occur in these 
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■cases, which are due to aerial infection above ground and not to the usual 
type of infection from below. In the late stages, in both types of attack, 
the whole cane may be 
found infected. 


As the disease progresses, 
the pith gradually dries up 
and changes to an earthy 
or brown colour. As a 
result, the rind falls in, in- 
longitudinal depressions, and 
the cane becomes very light 
and easily bent or broken. 
Oavities develop in the pith, 
usually containing a more or 
less dense, cobweb-like 
growth of mycelium. When 
the cane dries up (and 
usually not until then), a 
careful search may reveal 
the spore aeervuli on the 
surface of the rind. They 
appear as clusters of minute, 
black, velvety or hairy 
bodies, just above or below 
the nodes and also in the 



sunken areas found in ad- 


vanced cases in the inter- 
nodes, ah a result of -the 
shrinking of the dried pith. 

The discoloured pith is full of 
tho myoelium of the parasite, 
which can be found from the first 


Fig. 165. Red rot of sugarcane (Colhtolrichum 
fnlcatum ) : a, split cane showing pith markings ; 
b, surface of cane with aeervuli, x §. 


at or below the ground level (in tho usual typo of disease), and gradually extends 


up through a groat part of the oane. The reddening does not set in until a little time 


after the hyph® have extended into a previously healthy part, so that the mycelium can 
often be traoed for a few inohes beyond the disooloured area. Tho hyph® are chiefly 
lound in the parenchymatous oells of the pith and in the spaces between these. They arc 


slender much branched, odourless, septate, and oontain characteristic droplets of oil, 
which are sufficiently oonstant in appearance to enable the fungus to be identified from 
the myoelium m tho pith with fair accuracy. The fibro-vaseular bundles are less readily 
penetrated than the large sugar-oontaining oells of tho pith, but hyph® can at times be 
found in the vessels and, more often, in the other elements of the bundle. The harder 


outer tissues of the oane are usually free from fungus until the [pith has dried and 
conditions suitable for spore formation have ooourred. 
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The red colour of tlie pith is due ohiefly to disooloration of the cell walls, often at 
some little distance from cells containing hyphee. The walls of the bundles are parti- 
cularly prone to this ohange, and the position of the bundles is often marked by red streaks 
seen on splitting the oane, or dots on outting it transversely. A reddish gum is sometimes 
present in the disooloured vessels, even when no hyphs oan be deteoted in the immediate 
neighbourhood. Young parenchyma cells may have the oell contents changed to a simi 
larly ooloured, granular mass. When the pith cells are completely killed, the oolour may 
fade in patches, and the white spots found in the reddened areas are due to large groups 
of dead cells, whose contents are replaoed by air, whose walls have lost their red colour, 
and in which even the hyphae previously present have in great part disappeared. 

Si ores are often not easily found on diseased cane, and aro rarely developed until 

the cane has dried up. The my- 
celium oollecte into dark ooloured, 
stromatio masses under the rind, 
especially near the nodes. The super- 
ficial cells of the stroma grow out 
into oylindrioal processes, whioh, by 
their pressure, rupture tho rind and 
appear at the surface (Fig. 160, 8) 
Some of these remain short and co- 
lourless, and form a crowded layer, 
bearing spores at the tip The spore 
stalks are unseptato and measure 
a bout 20 by 8 fi, qpd the spores am 
colourless, unicellular, curved to a 
somewhat sickle shape, with narrowod 
ends, and usually a single oil drop in 
the middle (Fig. 106, 4). They 
measure 20 to 30 by 5 to 7 p, in dia- 
meter. Other cells of the stroma 
grow out into long, rigid bristles, dark 
below, lighter above, soptate, and 100 
to 200 by 4/a m diameter These 
*■ seta? ” may be scattered, but more 
usually form a sort of fringe round the spore- bearing part of the aoervulus 

Germination occurs readily in water or moist substances such as soil, one or two 
germ-tubes growing out from near the ends (Fig. 166, 5). The spore sometimes divides 
into two cells by a median septum, prior to germination The germ -tube early shows the 
characteristic oil drops, becomes septate, and gives rise, under favourable oonditions, to a 
br&nohed mycelium. According to the conditions under which the spore germinates, 
this mycelium may grow for some time and reach a considerable volume, without forming 
anything but sterile hyptuB, or, especially in dry or badly nourished oultures, may earl} 
give rise to ohlamydospore-like bodies, now usually termed appressoria, since they have 
other functions than mere vegetative propagation. These may appear at any stage and 
in any position, from the moment of germination, when they may form actually in oontact 
with the spore, to a late stage in the larger myoelial masses, such as are found in oavitie* 
in the cane or in artificial oultures. Usually they are terminal on a hypha, 4>ut they arc 
also frequently found in its length. They are thick- walled, dark brown, unseptati cells, 
irregular in shape but often angular, with one or several large oil, drops, and capable of 
being detached from the mycelium and germinating after a considerable time. They 
are produced in greater quantity in oontact with the surfaoe on which they are gibwing 
than elsewhere. In cases where artificial inoculations have been made with this fongus 
on cane, it has been observed that the penetrating hypha arises from an appmssorium 





Fig. 166. Bed rot of sugarcane ( GoUstotriehum 
falcatum) : 1, attack on midrib, X f ; £, 
partpf an aoervulus, x 180; 3, formation 
of oonidia in culture, x 260 ; 4. oonidia, 
X 250; 6, germination of conidia with 
formation of appressoria, X 250. 
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and not directly from a spore (Fig. 17). Ifcis, therefore, supposed that in addition to 
their function as resistant organs of propagation, they serve the double purpose of adhesion 
to the surface of the oane and aooumulation of enzymic energy to secure penetration of 
the host. The old myoelial masses in oavities of the cane often bear large quantities of 
appressoria, and they are sometimes found in the oells and vessels of infected tissuos 
With the rotting of the oano they are set free into the soil, and can then resume activity. 

Usually in artificial cultures, and also sometimes in the mycelial growths in cavities 
of the cane, true spore* are formed at an early stage in the growth, differing only from 
those formed on the rind by being produced singly on short, lateral branches, and not 
from a stroma (Fig. 166, 3 ). Suoh spores reach the soil when the cane rots, and add to 
those shed from the rind. In the soil, when moist, the true spores do not last long, but 
spores exposed to the air and kept moderately dry germinate as freely after five month* 
as when first formed. It is not known how long the appressoria live. 

It is evident from what has gone before, that this fungus is not as 
well suited for air-borne dissemination, owing to the scanty and retarded 
production of spores exposed to the wind, as most of its class. There is, 
however, another part of the cane on which a quite similar fungus 
frequently occurs, and infection experiments leave little room for doubt 
that it is the same species. This is the leaves, where it is found both as a 
parasite of the midrib and as a saprophyte on old, withered leaf blades 
and sheaths, in both cases sporing freely (Fig. 166, 7). The midrib form 
has been found able to set up typical symptoms of red rot when inocu- 
lated into the cane pith, and very probably accounts for a large proportion 
of the new infections of canc above ground, as distinct from those 
which have arisen from the use of previously diseased «»etts or from 
the soil. 

Infection of a healthy cane may take place in one or other of several 
ways. As cane is propagated by setts cut from a previous cane, we must 
distinguish between those cases where the disease is carried over in the 
sett, and those where it arises by infection by means of spores or mycelium 
from outside, through the soil, air, or irrigation water. 

A previously sound cane can only be inoculated, so far as our experi- 
ence goes, through wounds which expose the pith ; through the scars left 
by tearing off unwithered leaves (as is sometimes done in “ wrapping”) ; 
through the young buds (" eyes ”) or young shoots, but probably only 
whfen these are injured, as unfortunately is not uncommon especially 
at (me time of planting ; and, finally, through the adventitious roots, 
which allow the fungus to enter readily, even when quite sound and 
irrespective of position, those below ground being as freely penetrated 
as those not uncommonly found sprouting from the neighbourhood of the 
nodes. In the ast ease, the root “ eye ” above ground can admit the 
fungus, even before it has started to grow out into a root. 
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By far the commonest wound found penetrating the cane pith is that 
•caused by the various species of boring insects which feed so freely on 
cane. In other countries, it is said that most cases of infection arise 
through this channel, but Indian experience indicates that, especially 
in northern India, borer holes are rarely infected. It is also uncommon 
in. India to find infection occurring through leaf scars. Cases have been 
noted of infection through injured shoots, and this may perhaps occur 
also after the sett is planted. But probably new infections are most 
frequently caused by inoculation through the roots or root “ eyes,*’ in 
standing cane ; and through these points, and also the cut ends of the 
setts, after the cane is planted. 

Artificial inoculations allow the course of infection to be traced. 
Spores or mycelium may be used. If introduced into the cane through 
a hole in the stem, growth is rapid or slow according to the age and rich- 
ness in sugar, and also according to the variety of the cane. Ripe or 
nearly ripe canes show rapid infection, while less advanced canes usually 
show only one or two jointH affected after several weeks. Very young 
stalks may be killed faisly quickly, but the older ones often show little 
external signs of damage for several months, unless the inoculation has 
been made when they are nearly ripe. Cut setts are very rapidly per- 
meated by the fungus ; but if germination is prompt, the young shoot may 
grow away from the fungus, which remains in the basal part of the stool 
until late in the year. Often, however, the young sheet is killed , and red 
rot is responsible for a good deal of the failure to germinate and the dying 
back of young Hhoots, so common in certain kinds of cane in India. 

The leaf scars are not liable to penetration once the corky layer, 
which cuts off the leaves prior to their complete withering, has formed. 
In the same way, the tough bud scales on young buds oppose the passage 
of the fungus for a time usually sufficient to allow the shoot to burst 
through the scales before*it can be infected. But if the scales are bruised 
or tom, the hyphae are able to pass into the bud and back into the main 
stem. Infection of the roots above ground is rapid, even when they are 
quite uninjured. The hyphso enter directly into the epidermal cells, 
and through them pass to the deeper layers, reaching the stem in about 
a week. The active feeding roots in the soil are similarly penetrated 
through the unbroken epidermis, but whether the fungus can pass up* 
into the stem from these roots is not known. 

Leaves of sugarcane are sometimes attacked when quite sound, but 
the inoculation is more ’likely to succeed if the leaf surface be first slightly 
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wounded. When uninjured, penetration is chiefly into certain large, 
thin-walled cells known as “ motor cells,” which lie on each side of the 
midrib and between the veins. The thickened part of the epidermis is 
more resistant. If injured, penetration may occur into any part. As 
a rule, unless the injury is severe, the thick-walled sclerenchyma and the 
bundles long resist the passage of thehyphse. In leaf inoculations, spore- 
bearing stromata may be formed at the surface in less than a week. 

The methods of infection of the above-ground part of the cane stem 
described above are such as lead to single shoots becoming attacked, and 
the attack is usually confined for a time to one or two joints only, those 
above and below remaining free from disease. But, as already stated, 
by far the commonest type of red rot found in northern India is that in 
which the infection clearly arises from the base of the stool, and the whole 
clump ultimately becomes diseased. The epidemic outbreaks which 
have caused such destruction to thick varieties of canc have been almost 
without exception of this type. They arise from the use of setts cut from 
diseased canes, the parasite being carried ovei in the tissues of the setts. 

When setts cut from diseased cane (and, therefore, usually showing 
the reddened pith at the cut ends) are planted, they germinate in most 
cases as well as if sound “ seed ” were used, unless the infection is severe 
and of long standing. But many of the young shoots begin to wither 
when they are a few weeks old, and the presence of actively growing 
Colletotrichum can be demonstrated in them. Many shoots, however, 
for a time grow away from the fungus, which remains dormant in the 
base of the cane. When the crop is about six months old and is beginning 
to contain an appreciable quantity of sugar, the parasite resumes activity, 
and from October on (in northern India) withered shoots are found in 
increasing numbers. By the end of the season many clumps, and even 
large fields, may be entirely destroyed. Periodic examination enables 
the fungus to be traced in the young shoot and, later on, rising from the 
underground parts into the large canes. Fields in which the “ seed ” 
is known to have come from a diseased crop will show much red rot, while 
adjacent fields planted with healthy “ seed ” (even of varieties known to 
suffer) may have little or none. This occurs to a marked extent in land 
not recently under sugarcane, but is also often seen where the crop has 
been repeated after three or four years. There is, therefore, no room 
to suppose that infection from the soil, and not from the setts, can be res- 
ponsible for the disease in these epidemic outbreaks. Not alone has it 
been found that naturally infected setts can carry over the disease; but 
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perfectly healthy, growing canes have been artificially inoculated with 
pure cultures of the fungus obtained both from the leaves and the stem, 
and when subsequently cut up into setts and planted, have given rise to 
shoots infected with red rot. 

The death of entire clumps in the manner just described, where 
the fungus is found rising from the base of the plant, is not in every case 
due to the use of diseased “seed.” As already mentioned, the planted 
sett may become attacked if the parasite succeeds in reaching the cut 
ends, injured shoot “ eyes,” or the young adventitious roots. Artificial 
inoculations prove that even sound “ seed ” may give diseased clumps 
in this way, but, in northern India, the fungus does not seem often to 
reach the planted sett from outside, probably because spore-production 
is usually not copious and the parasite is unable to live long in the soil. 
There is Borne evidence, however, that where irrigation is practised, the 
water may carry infection from old caneH and debris in the channels, 
and infected soil may be carried from trench to trench on the feet of 
the labourers. 

We can see then that the normal course of the disease is somewhat 
as follows. Starting v\ith a healthy variety of cane, there will be, in the 
first season, a limited amount of infection of above-ground parts by 
wind-borne spores, the fungus being found more or less in all cane- 
growing districts in India. There may also be a few cases of underground 
infection, especially if irrigation is practised. The following season, if 
no precautions be taken, each sett cut from a diseased cane will give a 
diseased clump, and there will be further new infections of the standing 
cane. This will continue with a progressively increasing accumulation 
of disease, until epidemic severity is reached, and it may be difficult to 
find enough “ seed ” for the following crop. Then, as a rule, new “ seed ” 
is obtained from some locality where the crop is healthy and the cycle 
recommences. Were it not that there are places where, for one reason 
or another, red rot is not common (as in the vicinity of Poona, for instance), 
the conditions in the whole of India would ere this have probably become 
like those in the Godavari Delta some years ago, where healthy “ seed ” 
was almost unobtainable and the crop was rapidly disappearing from 
the land. 

The damage caused by red rot is mote than the mere loss of a number 
of canes by withering. The disease may be present for a long time 
before withering seta in, and one sometimes comes across a field at or near 
maturity, where many of the canes show the characteristic discoloration 
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on splitting, though they are still un withered and full of juice. It 
is well known to the cultivators that such canes yield a poor juice, which 
does not set readily on boiling. This is due to a remarkable power 
possessed by the fungus of inverting cane sugar and transforming it 
into glucose. The value of a cane largely depends for manufacturing 
purposes on the purity of its juice, that is on its richness in cane sugar 
as compared with glucose. The fungus forms a special enzyme, which 
•converts some of the cane sugar into glucose and thereby spoils it from 
the sugar boiler’s point of view. This enzyme is not only contained in 
the mycelium but is also secreted into the surrounding medium, and it 
seems highly probable that it is thus able to attack the sugar-containing 
juices of the cane, even at a distance from the actively growing mycelium. 

In the control of this disease, the first requirement is to start with a 
healthy stock. In those districts where the local canes have become 
widely infected (as has happened in recent years in the Godavari Delta 
and in parts of Bombay and Bihar), new healthy canes must be brought 
in from outside. This has been done with remarkable success in the 
Godavari Delta, through the Government Sugar Station at Samalkota, 
where a large number of exotic and indigenous varieties have been tested, 
and also in Gujarat with varieties from Poona, and in Bihar with varieties 
from all parts of India and some from abroad. It is useless to start with 
a variety from stock known to have been seriously infected, as it appears 
to be exceedingly difficult to rid such a stock of disease by any practicable 
method of selection. It is well, therefore, for each important sugar- 
growing tract to be in a position to obtain healthy varieties when required, 
either by means of private nurseries where new kinds can be grown and 
old ones kept rigorously healthy, or by the now numerous Government 
Farms. 

Systematic and thorough selection of the setts used for planting out 
should then be done each year, or the new varieties will not maintain 
their freedom from disease for long. The most convenient practice is to 
accept any red discoloration showing at the cut ends of the setts as a 
warning of disease. Other diseases and wounds may cause reddening 
of the pith, but there are advantages in rejecting these also, and it is well 
to be on the safe side. The preparation of the setts should be entrusted 
to experienced men; as it is important for several reasons that the ends 
should be clean cut and not shattered ; they are easier to examine, and 
are less liable to admit parasitic or rotting organisms, if the part left 
between the end joints and the cut surface be uninjured. The cut 
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setts should then be collected into bundles of ten or fifteen setts (this 
is done at Pusa by boys) and submitted for examination by rapidly 
showing the cut ends to a responsible person, who should remove any 
with reddening of the pith. Even the cutters themselves soon get 
into the way of rejecting the most obviously reddened canes. Further, 
in harvesting the seed cane, much subsequent trouble may be saved by 
leaving out all clearly diseased clumps or patches, which can afterwards 
be destroyed or fed to cattle. They should on no account be left standing 
or ploughed in, as this only increases the spore production, and the 
fungus can remain alive in old canes for a long time. 

Though reliance must be placed on the absence of obvious reddening 
at the cut ends in selecting setts for planting under field conditions, it 
has been found that, where there has been severe disease in the cane used 
for “ seed,” a certain number of diseased setts escape this precaution, 
owing to the presence of the fungus beyond the limits of reddening in 
recently infected canes. This is why it is necessary to start with good 
“ seed,” and not to use a severely infected field as “ see$, ” even where 
expert selection is practised. Ibis is also why it has not been found 
possible to eliminate the disease entirely, even in the form which is carried 
over from the previous crop and is not merely the result of new infection 
of the growing cane through the air. It must not be supposed that red 
rot can be got rid of in its entirety by any method of selection ; the most 
that can be claimed is that it can be kept within reasonable limits in 
niormal years and with good cultivation. 

Of lesser importance, but still worth doing in most cases, is the 
regular removal of all withering clumps during the growing and lipening 
season. Such clumps, if left, dry up and produce spores, sometimes in 
considerable quantity. In some places (as in parts of Madras) it appears 
that the danger of aerial infection from such withering canes is consider- 
able, though in northern India it has not been found frequent. There is 
also danger that the soil and, especially, the irrigation water may become 
infected. 

Where the disease is prevalent, the practice of ratooning is, as will 
be evident from all that has gone before, exceedingly dangerous. Not 
only is time given for the disease already present, perhaps only in a mild 
form, in the stool, to penetrate all parts of the new growth, but the 
exposed cut surfaces allow a ready entry to the mycelium from spores 
formed on rotten canes and cane debris left after harvest. Hatooning 
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is not very common in India, but several cases have been seen where 
the second growth of a diseased crop has been almost or quite lost from 
jed rot. 

The value of a long rotation in cane cultivation i* well estabished, 
especially in the heavy paddy soils of the Madras Deltas and similar 
localities. A rotation of eight or nine years has been found beneficial 
in these cases. In the lighter soils of Bihar, cane one year in five, when 
irrigated, and even less if irrigation is not practised, has given gocd 
results. It is very doubtful, however, if this is connected with the 
persistence of the fungus in the soil, and not rather with the general vigour 
and resistance to attack of the cane. 

In spite of these precautions, serious attacks of red rot, from cir- 
cumstances not ordinarily under control, may occur. A few such cases 
have been observed. The attack of certain insect pests (cane fly, leaf 
hopper, and the like) seems so to weaken the vitality of the cane as to 
cause it to fall a leady prey to infection from without. Excessive flooding 
or 1 he growth ot the cane in water-logged soil may have the same effect. 
The action of defective soil conditions or bad cultivation in predisposing 
to disease lias been mentioned in the general part (see p. 127) and need 
not be further referred to here. 

It early becomes obvious to any observer ot sugarcane diseases that 
there are immense differences in the susceptibility ot onnes to attack. 
The thin canes, so commonly grown m India, are, on the whole, much 
less liable to red rot than the thick. Their resistance seems to be 
inherent, whereas the temporary resistance ot certain classes of thick 
canes, which has been observed from time to time, appears to breakdown 
readily under unfavourable conditions of the environment (see p. 127). 
It is only within the past few years that an opportunity has arisen of 
endeavouring to breed truly resistant canes of good quality in India, and 
though we look with confident hope to the achievement of success in this 
most important direction, it is as yet too soon for definite results to have 
been obtained. 

In India, red rot is in many places the greatest obstacle to successful 
cane cultivation. In Madras, Bombay, and Bihar, the area under thick 
cane has, in certain districts, periodically shrunk as a result of an accumu- 
lation of this disease, to expand again only when the diseased cane has 
been replaced from outside. Red rot has often been the limiting factor 
in the successful cultivation of heavy-yielding canes, such as would enable 
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India to hold its own against other sugar-producing countries, like Java 
and Mauritius. 

Wilt {Cephalosporium Sacchari But!.). — This disease is sometimes 
confused with the last, as it produces distinct reddening of the cane pith. 
With practice, however, it is easy enough to recognise the differences 
between the two. It has only been definitely recorded in India, where 
it is found in most parts of the country, and in the West Indies. Some 
canes imported from the United States a few years ago were found to be 
infected by it, so that it is presumably present in that country also. 

As in red rot, the earlier symptoms are elusive. Little is usually 
noticed until the cane is half grown, when stunted clumps, or even patches 
of varying size, may be observed. These gradually wither, and from 
this on, until harvest, withering of single canes or whole stools continues 
to occur. The leaves dry up, as if suffering from drought, followed by 
the stems, which become light and hollow. On splitting the cane when 
it first shows the disease, the pith is found to have a diffuse purple or 
dirty-red colour (Fig. 162), which is often streaky, but ifl^ver in lighter 
and darker patches, and never with the transversely elongated white 
areas, characteristic of red rot ; the colour is also not so bright as in that 
disease, and early becomes muddy and different from any other cane 
discoloration hitherto observed. In old cases it is an earthy brown. 
The pith dries up more rapidly than when attacked by Colletotrichum, 
and becomes hollow, the cavity often containing a fluffy, grey growth 
of mould. 

The mycelium is found throughout the reddened portion of the Btem, which may be 
only a few joints or the whole longth. The hypheo penetrate all the colls readily, bundles 
as well as parenchyma (Fig. 187, 2-3). They are usually fine, not exceeding 3/x in diameter, 
and, even when old, remain hyaline. Occasionally oonidia aro found on short lateral 
branches in the vessels, resembling closely the microoonidia found in a similar situation 
in the Fnsarium wilts of such crops as cotton and pigeon pea (Fig. 167, 5). 

The greyish-white hyphal growth usually found in the hollows which always form 
in the internodes at a late stage, resembles that in the pith, though the hyphse may be 
up to 5p- in diameter. They usually bear great numbers of oonidia. This free mycelium 
is composed of even hyphe (not abruptly swollen), without the oil drops so characteristic 
of CoUeiotrichum fcUcatum, without chlamydospores or appressoria, richly branohed, and 
sometimes laterally united into narrow strands (Fig. 167, 6). Septa are few at firat. 

The oonfdja aro hyaline, and ftome on short, simple or branched, lateral hyphe and 
also terminally on the end branches of the mycelium (Fig. 167, 6-10). They aro 4 to 12 
(usually 5 to 8) by 2 to 3/* in diameter when formed, bu^ increase in size prior to germi- 
nation. Their shape varies from short oval to long elliptical, and occasionally they aro 
curved or with one side flattened. They are almost always unicellular when formed, but 
some beoome provided with 1 to 3 septa before germination (Fig. 167, 11). 
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Fig. 167. Sugarcane wilt (Cepkalotporium Saeehari ) : 1, fungus emerging from 
motor oella of leaf* x 480 ; 2, hyphse in pitta, x 145 ; 5, fayptase in a bundle, 
x 145 ; 4, indications of oonidium- formation in a pith cell, x 240 ; 5, coni 
dlum-formatlon in a vessel, X 240 ; 6, sporiferons mycelium, at a oomraence- 
* ment of a ooremial strand, x 240 •, 7, oonidiopbores and oonidia ; 8 , same, 
encoessive stages, x 480 ; 9, conidiophore showing hollow left after spere has 
fallen, x 480 ; 10, oonidia, x 480 ; 11, germination, x 240 ; 12, anastomoses of 
germ-tubes, x 240 ; IS, growth of a sporlferous hypha. at a the conidiophore 
has continued growth after forming a spore. 
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The oonidiophores are usually of definite shape, slightly swollen in the middle, with 
a rathor blunt end, and often irregularly branched or onoe whorlod or forked. They may be 
scattered or ariso in bunohes near together. If kept very moist, the tip may grow on 
into a hypha even after producing a spore (Fig. 107, 13). 

When tho first-formed oonidium is mature, it is pushed to one side by the formation 
of a seoond at tho same point, and so on until five or more are produoed (Fig. 167, 8). These 
remain adhering by surfaoo attraction, unless roughly handlod or immersed in water, 
when they bdoomo free. Thoy can gorminato within 24 hours, giving usually a singlo 
terminal gorm-tube, though the septate spores may havo one from oaoh ond. Tho gorm- 
tubos of adjacent spores ofton unito (Fig. 167, 12) 

Infection of cane by this fungus takes place very much as in Colle- 
totrichnn falcatum. Inoculation of healthy stems can be done through 
wounds which expose the pith, through leaf scars, and through the 
adventitious roots and root " eyes ” at the nodes. The progress of the 
infection within the stem is slow, only 4 to 6 internodes having been 
reached after three months in some experiments where the fungus was 
introduced through a hole into the pith. The uninjured rind cannot be 
penetrated. Cut setts have been infected and the resulting shoots 
killed bv the disease. If is probable that wound infection is far more 
common than in red rot. No cahe of leaf attack has been observed m the 
field, but laboratory experiments prove that the leaf can be attacked 
(Fig. 167, 1 ), the infection resulting m a leaf spot resembling that caused 
bv Helnunthosporium Sacchari (p. 400). 

This fungus frequently occurs with Collctotriehum, causing a mixed 
infection, but the reason for their co-existence in so many cases is not 
known. It is probably present in the soil of cane fields, as the genus to 
which it belongs contains many soil dwellers. Infection of the planted 
setts in artificial inoculations causes many deaths within the first three 
months’of growth, but as this is not commonly noticed in natural attacks, 
the conclusion is that soil infection does not often occur, wound infections 
above ground being probably the usual mode of attack. 

The control of the disease should be on the same lilies as in red rot 
(see p. 399). As, however, wound infection is far more common, the 
importance of removing diseased clumps before they have time to rot 
and set free spores is much greater. As a rule, the disease is not a severe 
one, spread within the cane is gradual, and communication from one 
plant to another slow ; and though our experience with it is limited as 
yet, it is probable that it is incapable of doing permanent damage, so 
long as the measures advocated against red rot. are carried out. 

Brown leaf spot (Cercospora hngipes Butl.). — This is by far the 
commonest leaf disease of cane in India, though it does not appear to be 
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known in other countries. It is practically confined to the thin canoH, 
in contradistinction to the ring-spot disease, which is usually found only 
on thick kinds. It is interesting to recall that certain Java authorities 
have suggested that the thin and thick canes of India may have been 
derived from different species of wild Saccharums, so widely are they 
separated from one another. 

Over most of northern India, it is rare to find a field of the ordinarily 
cultivated varieties free from the brown leaf spot, and it is often so intense 
as to impart a distinctly reddish tinge to the foliage. Like other leaf 
diseases, it does not kill the cane, but the injury to the leaf surface must 
considerably reduce the yield of sugar where it is severe. 

The spots are confined to the leaf blade and do not occur on the 
leaf sheath. They appear when 
the leives are not yet fully grown, 
and continue until they fade. At 
first they are narrow, oval, about 
one-cighth of an inch in length, 
reddish in colour, and visible on 
both surfaces of the leaf. They 
increase in size, and a brown 
centre early becomes evident. 

At the same time, the tissue 
around the spot becomes dis- 
coloured and a well-marked yellow- 
areola may be formed. At this 
stage, the spot is tricolour, brown, 
red, and yellow zones being formed 
concentrically. As it widens, 
however, the brown portion in- 
creases at the expense of the 
others, and the centre dries up 
and loses its colour. The spot 
now consists of a broad, oval, 
deep-brown ring, with a straw- 
coloured centre where the leaf 
has withered, t These rings may Fl(J . 15$. Brown leaf spot of ragaroane 
reach a size of half an inch ^ ° n 

in length by an eight or more in 

breadth. They may run together to form larger groups. The brown 
oolour persists even after the leaf haB fallen. 
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At the oentre of the spot, the thickness of the loaf is diminished. Hero, fungal hyphce 
are found ramifying on the under surfaoe, external to the epidermis. They also oocur, 
but less often, on the upper surface. The oells of the epidermis are oorroded and thoso 
of the leaf mosqphyll, between the bundles, much discoloured. This browning of tho 
colls is produced although the hyphse do not penetrate within them, and is perhaps due 
to the secretion of some protoplasmic poison oapable of traversing the cell walls. Tho 
cell oontents are early killed and oolleoted into a brown mass at the centre. Cells without 
living oontents, as the vessels and fibres, and also the thiok-walled sclorenohyma of the 
leaf, are not afiootod. At a later stage, rather largo, brown hyphse force their way betwoen 
the disorganised cells to the interior of the leaf, and narrow oraoks containing hyphse are 
sometimes visible as a result of this 

Spores are formed soon after the brown centre makes its appoarance in tho spots 
(Fig. 11, 4). They are borne ohiofly on tho under surface, rarely abovo. Numerous 
clusters of long, brown, unbranched, septate, abruptly bent or “ kneed ” conidiophoros 
ari'ie at right angles to the surface from the centro of the spot. They form an elongated 
velvety oushion visible with a lens. On thorn are borne olongated conidia in tho manner 
already described as general in tho genus Ceroospora. The conidiophoros are flexible 
and measure 100 to 200 by 4 fi, while the sporos are hyaline, broader below, attenuated 
abovo, straight or curved, with 4 to 0 septa, and measure 40 to 80 by 5fi in diameter. 

At a later stage, a second typo of fruotifloation is found, as little sharp, blaok dots, 
arranged in rows, after the centre of the spot has dned up. They arc spherioal, composed 
of polygonal colls, fumishod on tho surface with blunt, soptate processes, and are probably 
spore oases, though they remain sterile for months and have novor bogn found to oontain 
spores. They may be a resting form of fructification like tho porithecia of Borne of the 
mildews (o.f. Eryaiphe graminia), but havo not boon proved to bolong to the conidial 
fungus, though their oonstant succession on tho samo spots and apparently from tho 
same mycelium, makes this probable 

Direct treatment of this disease, as by spraying, is scarcely to be 
thought of. There seems as little likelihood of treating it effectively as 
in the ^ereal rusts. Possibly resistant varieties may be found or produced 
by breeding, or further study may show that cultural methods can reduce 
the susceptibility of the cane, though at Pusa it appears every year 
irrespective *of the treatment of the cane. 

Helminth osporiose ( Hdminthoaporiu m Sacckari Butl.). — The leaves 
of sugardine are sometimes attacked at Pusa by a species of this common 
genus of leaf parasites. It has not been observed in other parts of India, 
but has probably been mistaken for some of the other leaf spots and so 
escaped notice. A closely related fungus is known in Java and Hawaii* 
under the name of Cerco&pora Sacchari (which appears to be more properly 
a Helminthosporium ), causing a disease known as “ eye spot.” 

The infected leaves first show small red spots, which enlarge rapidly, 
chiefly in a longitudinal direction and, especially towards the tip of the 
leaf, may run together to form long streaks. The centre of the spot soon 
changes to a dirty straw colour, around which the margin remains red for 
a time and then becomes dark brown (Fig. 162 ). The spots occur equally 
on the thin part of the leaf and on the midrib, where they may be taken 
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Fig. 160. Bulminthosportum Saaehari * 7, hyphtu In outer cells of leaf, x 260 ; 
2, hyphec penetrating cell walls, x 878 ; entry of hyph» into epidermal 
calls, x TOO ; 4, oonldiophores with young oonldia, x 200 ; 5. conldia, thqte 
above immature, X 876 ; 6, germination. X &75 ; 7, small conidiophore and 
oonidium from culture, x 260 ; 8, base of oonidiophoio arising within the 
epidermis, x S76. 
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for the midrib form of Colktotrichum falcatum. When numerous, they 
cause death of the leaf tissues beyond the limits of the spots ; the tip of 
the leaf often withers completely, and there mav be lone, withered strips 
down the margins. 

The myoelium of the parasite is found in the loaf cells of the spotted portion, and also 
collects in small stromatic masses on the surface of the spot. The hyphse are brown near 
the surfaoe, but hyaline deeper in. They pass from cell to cell through narrow cracks 
in the walls, which aro especially noticeable in tho thick-walled sclerenohyma (Fig. 100, 2) ; 
within the cells they are swollen so as almost to fill the oavity of the smaller oells. In the 
epidermis, they frequently form small stromatic masses (Fig. 100, 1) The cells appear 
to bo killed in advance of the growth of the fungus, as although the hyphse are numerous 
in tho dead cells, it is rare to find penetration of a still living cell. 

As soon as tho centre of the spot begins to turn straw-coloured, fructification occurs 
by the growth of sporophores from tho stromata, both those within the epidermal cells 
and those on the surface of the loaf. Tho sporophores aro stout, erect, rather rigid hyphui, 
arising from the outer oells of the stroma (Fig. 160, 4) They arc usually un branched, 
3 to 10-septate, dark greenish-brown below, ]>aler above, and with sevoral nngulai inequa- 
lities, taoh marking the point of insertion of an originally apical sport, beyond winch (he 
sporophore has continued its growth. They are 1(H) to 100 by G‘5 to 7 5/* m diamotor 

The spores are borne singly and readily fall off They are cylindrical or long elliptical 
in shape, with very thick walls, olive-green to brown in colour, 3 to 10-soptato, and 35 to 
00 by 8*5 to 12/* m diameter (Fig 169, 5) They germinate very quiiAJ^ by a germ-tube 
from each end (Fig 169, 0), giving a much branched, closely septate mycelium (Fig. 2) 

Heil thy, unwounded leaves can bo readily infected by sowing the spores on them m 
a moist atmosphere. Penetration occurs directly into the epidormal cells (Fig 169, J) 
fiom which aomo hyphse pass to tho doopoi tissues while others collect into small stromuta. 
The pressure from these is sometimes enough to rupture tho outer walls even before fmu- 
tification begins. Tho latter is usually confined to tho quite dead central part of the spot. 

Little requires to be said regarding the treatment as, <-o far, this 
disease has not been found to damage the crop materially. If it became 
severe, it might be advisable to strip off and destroy the affected leaves 
in the early stages of the attack (it has been found as early as June, in 
Pusa). But it seems unlikely that sufficient damage can be caused by it 
to make any direct treatment profitable. 

Banded sclerotial disease (sterile mycelium). — -No other leaf 
disease of sugarcane is likely to be confused with this, as it causes a very 
characteristic discoloration of the affected parts. It is not common in 
India, but has been seen at Pusa, Jorhat, and in parts of South India. 
Like most of our cane diseases, it was first described in Java, where it is 
widely distributed but seldom of great intensity. It does not seem to be 
known elsewhere. 

The attack iB usually confined to the lower part of the leaf, but at 
times involves also the leaf sheath. It begins as a discoloured patch, 
<at first dirty green, then liver-coloured, and finally yellowish to white, 
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visible on both surfaces of the leaf. The patch is of very irregulai shape 
but often tends to be broader than long, and is always sharply deli- 
mited by a narrow, purple or red-brown zone. 

A number of such patches usually succeed 
each other along the leaf, separated by 
narrow, green or brown gaps, the result being 
a variegated, banded appearance which is 
very striking. At first the midrib is not 
attacked, but at a later stage it is often in- 
vaded by the growing patches. The limitation 
to half the leaf breadth is, however, on the 
whole, fairly constant. The banded succession 
of spots is perhaps due to the paiasite ceas- 
ing to extend along the leaf beyond each 
newly invaded area, until after it has en- 
tered the tissues and exhausted the food 
obtainable therein. The fungus seems in 
this way to have alternate periods of exten- 
sion and nutrition. 

Usually several successive leaves aie at- 
tacked, the disease occasionally reaching 
even up to the growing shoot. On the Fig. 170. Banded sclerotial 
sheaths, the growth is slower and the coloui /.'"affected lea™* beaming 

changes less marked than on the leaf blade Motion of pait°of 1 ide- 

The stem seems nevei to be attacked. 

On close examination, especially in 
damp weather, a fine, white, cobweb-like 
fungus growth can be Seen on both surfaces of the leaf, most 
easily on the still green part beyond the kaf spot, and on the under side. 
If a bit of leaf thus affected be placed on a sound sugarcane leaf in 
a moist atmosphere, the white growth rapidly extends to the new leaf 
and soon begins to form characteristic spots. Later, little condensations 
of fungus tissue can be noticed commencing to form on the under 
surface, and these develop into small, hard, sterile masses, the sclerotia, 
which are from 1 to 3 mm. in diameter, at first white, then brown, and 
rather irregular in shape (Fig. 170, 2 ). 

The superficial mycelium is white and silky. It is composed of a layer of thiok 
hyphm, not much septate or branohed at first, then branching and anastomosing freely, 
about 8g> in maximum diameter, and olosely applied to the leaf surface Ride branches 
enter the stomata (Fig. 170, 4), and roach the leaf parenohyma, where they grow firs 


i otiura, x iM ; 4, infection 
tin ouch stoma of leaf, x 
275. (Aftei Lucasaen and 
Wakket.) 
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in the intercellular spaces, but later enter the cells. Occasionally, at a late stage, the 
vessels are penetrated ; this seems to lie more frequent in the sheath than in the leaf blade. 
The ooll walls are turned red at an early stago ; the oolour then gradually fades, and at the 
name time the chlorophyll lose-t its green tint and the whole tissue becomes brown. The 
brightly ooloured marginal band round the spot thus represents the area into whioh the 
hyph® have recently extended 

The solerotia are found on tho under surface of the dead spots, attaohed to the 
mycelial layer at first, but aftorwards free as tho latter disappears. They are composed 
of brown -walled pseudoparonchyma of a uniform nature, with no differentiation into 
cortex and medulla suoh as is found in many bodies of this nature, oxoept for a slightly 
darker oolour of the walls near the surface (Fig. 170, 3). The latter is dull and with a few 
loose byph®. In oulturo, solerotia may form in six days. No other stage is known, and 
spore formation, if it occurs, cannot bo common. At tho same time the characters of the 
myoelium and solerotia permit the guess that the fungus will be found to belong to the, 
parasitic group of Hypochnus or Cortioium, represented in India by such forms as 
Hypochnus Solani and Curticivm Koleroga ; and this idea has already been suggested in 
Japan, where it w thought that the present fungus may bo tho samo as Hypochnus 
(Coriicium) Sasakii Shirai a Japanese specio? found on camphor. Sclerotium Oryzm 
Catt , which has also been included in the samo species, is certainly difforont from the 
sugaroano parasite, though both can attack rice 

Infection is .brought about largely by means of the sclerotia, which 
cm preserve their vitality for a long time if kept dry, anH renew growth 
when again moistened. This, no doubt, usually happens from the soil 
into which sclerotia from a previous crop have been shed. The sugarcane 
leaves are then infected by direct contact with the soil, or by growth of 
the mycelium up the lowermost leaf sheath, or, finally, by growth first up 
some of the wild grasses or weeds under the cane until a cane leaf is 
encountered. The latter is said to happen frequently in Java, where also 
stools with shoots near the ground, and leaves liable to touch the soil, are 
often affected. Growth is most vigorous in moist weather, the disease 
being one closely dependent on humidity. 

Though the damage caused by this fungus to an individual leaf is 
greater than in, perhaps, any dlhei leaf disease of the crop, yet, owing to 
its imperfect means of spread, the actual loss caused by it is usually small. 
The most serious form is when the young shoots are reached. On the 
lower leaves, the injury affects the* cane but little. 

The only treatment is to remove and bum early all infected leaves 
before the sclerotia are shed. It is necessary to remove all withered leaf 
parts that may have been reached by the fungus, as the sclerotia form 
most readily on dead parts. If the soil is likely to have many sclerotia 
from a previously diseased crop, clean weeding and early stripping of 
the lower leaves would probably diminish the risk of infection. In the 
ordinary sporadic cases, no treatment is required. 
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The fungus is known on rice, three wild grasses (Saccharum 
'spontaneum, S. arundinaceum , and Rottbcellia exaltath), and arrowroot 
(Maranta), and can infect sugarcane from these plants. There are 
probably other hosts. 

Sooty mould ( Gapnodium sp.).— It is not uncommon to find leaves, 
or even whole plants, of sugarcane turned black by the deposit of a super- 
ficial black mould. Such plants 
are always found to be infested with 
insects (such as Aleurodes barodensis 
Mask.) which are capable of pro- 
ducing the secretion known as 
“honey dew.” In some cases, thi^ 
substance is formed in such quantity 
as to drip from leaf to leaf, and even 
on to grass or weeds under the cane. 

Wherever it is found, the fungus 
accompanies it, but as soon as its 
production ceases, or the insects 
leave the plant, the mould grad- 
ually flakes off and disappears. 

The black covering is purely super- 
ficial, and is not in any sense para- 
sitic ; its presence is nevertheless _ ... Q _ ... 

* 1 Fig. 171. Sooty mould of sugaroane: 

harmful, in that it bleaches the leaf A segmented bypha; s, Tripos- 
, porium form, x 376; 3, Coniothe- 

under it by cutting on a certain ciura form, X 375; 4, branched 

, . .. . 1 , . , . . . . pycnidium, x 55; fi, a pycnidium 

amount of light, without which the with spores, x 175. 

green chlorophyll of the leaf is un- 
able to develop or to elaborate food. The insects of whose presence 
it is a sign are mostly very harmful, so that it is not to be wondered at 
that the cultivators regard the black fungus (whose connection with 
insects is probably not suspected) as one of the worst diseases of the 
crop. 

Tho black orust is composed of branching, septate, brown hypheo, which tend to 
break up into mostly 2-oollod, oval segments, 12 by Pfi in diameter (Fig. 171, /). Attached 
by short stalks to some of the hyphee are blackish masses of oolis, composed of 2 or more 
oolls, olosely unitod into a more or less oubical mass This is a structure charaoteristio 
of the form-genus Coniothecium (Fig. 171, 5). Another oonidial form ooours sometimes 
in great quantity, tho spores being oomposod of several cells arranged along 4 (oooeaionally 
3 or 6) radii and tapering .towards their freo ends. The radii are mostly 4-septate and 
measure 20 to 33 by 8ft. This typo is that of the genus Trlposporium (Fig. 171, 2). 
Finally, in many oases, numerous pycnidia are produced. These are very variable in site 
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and shape, but agree in being slender, elongated, composed of deeply ooloured, septate 
hyphffi, and opening at the top by a fringod mouth. They are often branohed, and are 
cylindrical but often with irregular enlargements (Fig. 171, 4 ). Within them are quantities 
of small, 1 -celled, hyaline spores, 4$ to 5 by 2 to 3/* m diameter (Fig. 171, 5 ). Perithecia 
havt not been found, so that it is not definitely known to wliich of the several genera of 
the sooty moulds the fungus belongs, and it is only provisionally referred to Capnodium. 

Treatment should be confined to getting rid of the insects, which are 
the direct cause of the trouble. 



CHAPTER XII. 

TEA. 

(Camellia Then Link.) 

The diseases of tea are exceedingly numerous, all parts of the plant, 
leaves, stem, and roots, being subject to the attacks of various parasites, 
especially in the older gardens. They are by no means fully investigated, 
and in many cases our information is scanty and of doubtful reliability. 
As an instance of the difficulties met with, it is sufficient to mention that 
the fungus called Pestalozzia palmar um (or Guepun), which has for 
man} veais been considered the cause of a serious disease known as 
" grev blight ” in India, is stated in Cevlon to occur exerywherc m tea 
and to do so little damage that no steps are taken to combat it : and 
both the above names for the species are incorrect. Further, though a 
large number of root diseases of different kinds is known, the cause lias 
not \et boon definitely established in a single case. Theie is naturally 
a strong presumption that the fungus found to be invariably present in 
each case is the cause of the disease, but the proof, which requires 
that the disease can be artificially produced, has not yet been furnished. 
Indeed, scarcely any of the diseases of tea. with the exception of red 
rust and blister blight, have been investigated from this point of view r , 
and we know little of the life-history of the organisms associated with 
them and presumed to be their cause. Hence, though there is strong 
reason to believe that such measures to cheek the ravages of fungal 
pests as spraying will ultimately be forced into use by the pressure of 
competition and the increasing losses from this cause, it is exceedingly 
difficult to advise as to the best methods to adopt, because of the lack 
of detailed knowledge of the life-history of the parasites and of the 
economic and other considerations which have to be taken into 
account w'hen spraying on a large scale is undertaken. 

Rod rust (Cephaleuros Mi/coidea Karst.). — All the diseases of plants 
of cryptogamic origin, hitherto considered, have been caused by parasites 
of the classes of fungi and bacteria. That now to be discussed is, 
therefore, of particular interest, as being one of the rare cases produced 
by members of the class of alges, of which our mobt familiar examples 
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are the seaweeds and slime-weeds of salt and fresh water. It is further 
of interest as being, in the opinion of shine of our best observers, the most 
serious blight caused by cryptogams to which tea is subject in north- 
east India. It is found in quantity sufficient to cause serious damage, 
where the condition of the tea bushes is such as to favour its presence, 
throughout Assam, in Chittagong, in the Duars and Terai, and in the 
lower Darjeeling hill districts ; that is to say in by far the larger and 
more important of the tea areas of India. In the higher parts of the 
Darjeeling tea districts, in Dehra Dun, Kumaon, and the South Indian 
hills, it has not hitherto been found to cause appreciable loss. Outside 
India, too, it appears to be of minor importance, though the alga is 
widely distributed throughout tropical Asia, Africa, and America. 

Besides tea, it occurs on a host of other plants: in the Calcutta 
Botanic Gardens alone, on some twenty species belonging to the mo*t 
diverse families, from ferns to forest trees and garden flowers. A 
complete list of its hosts in India would probably exceed a hundred, 
and it is somewhat remarkable that, so far, only one other plant of 
economic importance, the mango, has been found to suffer from its 
attack in this country. Liberian coffee is, howevei. sometimes injured 
by a very similar, or even, probably, identical alga in Java and elsewhere, 
and recently it has been found that Cephaleuros Mycoidea attacks cacao 
twigs in the Belgian Congo, producing a serious disease of the same type 
as that in tea. 

On many of the plants on which Cephaleuros Mycoidea has been 
found, it occurs as a simple epiphyte on the leaves, growing on the surface 
only and not penetrating the leaf tissues ; this is the usual characteristic 
of the members of the Chroolcpidffi, to which family of algw Cephaleuros 
belongs. Not infrequently, however, the present species penetrates the 
leaf cuticle and extends between the cuticle and epidermal cells ; this 
has been observed in coffee and some other plants. Sometimes the 
penetration of the leaf is more complete, the alga passing down between 
the cells of the parenchyma and even reaching from one surface of the 
leaf to the other ; examples are found on tea and (very commonly} on 
Cmnamomum iners. The form on coffee in Java occurs on the young 
berries as well as the leaves, some of the filaments penetrating the tissues 
of the fruit, though the majority remain superficial. A similar condition 
has been found on the tea fruit in India, finally, in its most serious 
form, the alga attacks the young woody shoots, which become cankered 
and are killed. It is only in this form that it is really .a destructive 
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parasite, tea and mango being the most completely studied cases, though 
the stems of other plants are not infrequently attacked. 

On tea, therefore, we must distinguish between two easily recog- 
nisable forms of red rust : on the leaves, where it is sometimes epiphytic, 
sometimes parasitic; and on the stems, where it is ordinarily parasitic. 
The leaf form can be found throughout the year in an active condition. 
The stem form, on the other hand, easily escapes notice except at 
certain periods. It is usual in north-east India to prune practically all 
the tea between November and March, the recently formed wood of 
the past season being cut back to from 1 to 4 inches. The character- 
istic fructifying patches of red rust are never found during this period 
on the young wood, though an occasional patch may be seen on the older 
wood. About the end of March or April, however, generally after the 
first heavy rain of the season, the remnant of the previous year's wood 
not removed in pruning is often found covered with red, hairy patches 
(Fig. 173, 1 ). The new shoots arising from this wood will, at the same 
time, be noticed to Bhow a lack of vigour, or even to cease growth 
prematurely ; instead of remaining green aud succulent, they rapidly 
become covered with bark almost up to the tip, and their leaves show, 
often in most striking fashion, a condition of chlorosis indicated by 
the green colour fading more or less completely to white. Such shoots 
usually die off gradually, it being comparatively rare for a shoot which 
bears algal patches in any quantity to recover. If they do so, the 
signs remain on the stem as a cankered patch, which may be up to 
about three-quarters of an inch in diameter. 

The red, hairy patches characteristic of the fructifying condition of 
the alga on the wood are found in greatest quantity from April to June, 
but they continue to occur right on until the end of the year. Usually, 
as just described, they occur on the stems of the second year of growth, 
but similar patches can sometimes be found on older wood and even on 
the main stem. The older wood is, however, more resistant, and the 
attack does not seem to cause its death beyond the limits of the algal 
patch, as isnsooner or later the case when it is found on second year's 
wood. The number of fruiting patches becomes smaller as the season 
progresses, from June onward, until, by November, it is usually difficult 
to find such a patch. This does not mean that the parasite is^not 
there but merely that it is not actively fructifying. 

The leaf form of red rust does little damage, and is of little signi- 
ficance, exoept in so far as it serves as a source of infection to the stems. 
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Its prevalence is not affected by the healthiness of the bush ; it can be 
found in almost any garden, and often on almost every bush. The alga 
occurs as orange-yellow, roughly circular patches on the upper surface 
of the leaf. The patches may be numerous or few, crowde'd or scattered, 
and may occupy any part of the leaf, even the midrib, though they 
are thtc on the petiole. Their maximum diameter is up to about one 



Fig. 172. Red rust of tea {Cnphaleuros Myoofdt a) : leaves with red rust. 


centimetre. When fruiting, they are covered with a dense mass of deli- 
cate, erect, orange-coloured filaments, the stalks bf the sporangia. In 
the earlier stages, and often throughout the development, the patch is 
raised ^lightly above the surface of the leaf, but in older cases, when 
penetration of the leaf occurs, the centre may be depressed owing to the 
death and collapse of the leaf cells, while the margin may remain as a 
raised ring. 
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The thallus of the alga appears, under the microscope, as a disk of radially elongated 
oells, arising by centrifugal growth and repeated dichotomous division from the germi- 
nating spore. In vertical section, it is seen that the disk is composed of more than one 
layer, the greatest thickness being in the centre. It may be wholly external to the surface 
of the leaf or may be partly sunk in the cutiole, as the germinating spore seems to possess 
the power sometimes of embedding itself firmly in the cutiole, and as soon as active vege- 
tative growth occurs, the algal cells, in many oases, are found pushing their way beneath 
the cuticle as well as above it. The epidormal oells and tbe palisade parenchyma imme- 
diately below the alga are generally disooloured and dead, the palisade cells frequently 
showing sub-division by transverse septa as the result of induced meristem formation. 
Sometimes a layer of oork is thus formed, which prevents tho penetration of the alga, 
particularly towards the margin of the patoh ; and the Bwollon margin found often in old 
patches is produced in this manner. In other casos, there is little obvious alteration of 
tho tissuos under the algal giowth, though the conditions leading to these different effects 
are not understood. 

Up to about August, in normal seasons in Asflam, penetration beyond tho loaf outicle 
dooB not usually oocur. Later on, or, if there i8 exoosBivo rain, earlier, many patohes are 
found completely penetrating the loaf and producing a corresponding growth on the under 
surface (Fig. 173, t). When this occurs, the patoh on tho upper surface generally exhibits 
an annular formation. The ereot hairs are missing in tho centre, where the algal colls are 
now mostly dead. Many of these oells are filled with air, which gives them a lustrous, 
white appearance, apt to be mistaken on casual examination for a liohonous growth. The 
ponntratmg filaments of the parasite may extend laterally botween the epidormis and the 
subjacent layers for a considerable distance all round, while oortain of them foroe their 
way vertically downwards between the palisade colls. The algal oells are sometimes 
difficult to distinguish from those of tho host, though they' are usually marked by the 
presence of the orange-yellow colouring mattor “ hsematochrom,” characteristic of 
Cophaleuros and its allies. The filaments nover penetrate the loaf oells, but get nourish- 
ment by osmosis. The colls in contact are killed, and their oontents turn brown and dry 
up. Ultimately, the alga itself ceases growth, its cells die, and a orater-liko depression is 
loft, surrounded by an elevated ring. 

The death of the alga is sometimes hastened by an invasion of fungal hyphso, which 
are found very frequently intermingled with the thallus. Some observers have considered 
that lichen-formation « brought about by this invasion, tho two organisms living in 
association, but it seems more probable that the fungus is wholly injurious and, from the 
first, an enemy of the alga. 

Quite different is the oourae of events when the stem is att&oked. In. tea, the first - 
formed shoots are smooth and green, but during their subsequent growth they beoome 
oovorod with an irregular bark, which, in tho aeoond yeai, beoomes smooth and remains 
so. It is, in the great majority of cases, only during the period of irregular bark that 
infection with red rust ocours. The young bark of tea is not formed in a uniform layer. 
Lacuna exist between patches of oork-forming oells, and the surface layers are exfoliated 
in an irregular manner, leaving gaps unprotected by oork for a time. In a healthy shoot, 
suoh gaps are rapidly filled up, and any spores whioh may have lodged m them are thrown 
off! with the outer bark layers. Any conditions whioh weaken the growth of the bush 
delay this process and inorease the danger of the alga getting a suooeesful footing and 
reaching the inner layers. While the shoot is green, mfootion seems to be rare, and again 
when the bark formation has beoome uniform, and the definite smooth bark of the tea 
stem has made its appearanoe, few ohannols are offered for attack. That such channels 
do sometimes exist is evidenced by the occasional occurrence of the alga on the old 
wood, as already mentioned. 

The examination of the young shoots shows that small algal patohes occur frequently 
in the orevioee of the hark. Here, if conditions arc favourable, the algal oells are found 
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pushing their way among the oells below the bark and producing, by their growth, 
profound disruptive effoots on the tissues of the host (Fig. 173, 3). Unlike what is found 
in leaf attaoks, the internal cells in the stem are usually green and without the orange-* 
yellow hcematochrom already desoribed as characteristic of the alga. The cells of the 
cortex in the neighbourhood of the ingrowth are killed. Sometimes this serves to out off 
supplies of moisture and nourishment from the alga and leads to cessation of its growth ; 
sometimes the algal oells develop too fast to be thus oheoked, and spread past the resistant 
layer. The result in either case is the removal of successive layers of bark, and, where 
this fails in throwing off the paras ito, the latter penetrates ever deepor into the cortex and 



Flo'. 173. Red rust of tea (Osphalturot Mycnidm) : 1, shoot with rusted 
patch near middle and healed soar below ; 2, section showing penetra- 
tion of alga through leaf ; 3 , section showing alga penetrating bark of 
stem ; 4, fruiting stage on stem, enlarged and diagrammatic ; 6 % fertile 
hair bsaring sporangia ; 6, a sporangium with Its pedicel ; 7, sterile 
hair : 8 , sessile sporangium in the thallua, x 180 ; 9, soospores, ovoid, 
420, and round, x 480 ; 10, germination of the sooepore, x* 980 ; 
21, young disk from a zoospore, x 350. ( 1-4 after Mann ana Hutchinson, 
6-7 after Delaoroix, 8-11 after Cunningham.) 


may ultimately cause the death of the shoot. In the early stages, the algal growth is small, 
but later it may spread up, down, and round the affooted shoot, so that, in aggravated 
oases, the latter may be completely invested for several inches of its length. When 
completely surrounded, the shoot is found either moribund or, frequently, quite dead for 
some distance behind the seat of infeotion. 

In an unhealthy or non -vigorous bush, the thin, straggling shoots, 
which are more common near the periphery, are the worst nourished, 
and, as might be expected, are the first to be attacked. Similarly in 
unpruned bushes, a large number of the young stems are liable to be thin 
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and ill-developed, owing to their great distance from the source of food 
supply . Experiments show that such bushes are much more liable 
to attack than pruned tea. It is probable that infection usually takes 
place in the rainy season (July to October or November), but unless 
examined microscopically, the attack is not observed until the following 
March to May, when the fructifications first appear. By the end of the 
year, in bad attacks, the bushes will often be found to be surrounded by 
a nng of dead twigs, and to have a certain number of dead twigs through- 



Fio. 174. Rad rust of tea (Cephaliurot Myeoidsa ) : seriously 
damaged bush. 


out, while a few of the stronger shoots in the centre of the bush have 
alone been able to throw off the blight, and are growing vigorously. 
This appearance, coupled with a general aspect of hollowness, due to 
death of bo many twigs, and the yellow, unhealthy colour of most of the 
leaves, renders the recognition of a severe attack quite an easy matter 
after a little experience, even in the absence of any red patches on the 
stem. The striking chlorosis of the leaves of infected shoots is most 
marked early in the season, but may be seen at any period of the year. 

A bush thus attacked is often, if not usually, worse the following 
season, and the ultimate result, if the disease be not checked, is a continual 
/eduction in size at each pruning, and ultimately death. The disease 
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is thus a chronic or cumulative one, and the bushes are not usually killed 
until after quite a number of years. 

Whether on the leaf or atom, the alga, after a variable period of vegetative growth, 
develops its reproductive meohanism. Certain ooljs, either forming the termination of a 
radial seizes of vegetative cells within the thallus, or raised on vertioal stalks at right 
angles to the surface, booome sporangia. Those formed in the thallus are oval or sphe- 
rical, thiok-walled, about 40 to 50fi in diameter, and with dark orange-ooloured contents 
due to the presence of hsomatochrom, masking the green chlorophyll of the alga (Fig. 
173, 8). They are formed singly, in diroot continuation with a vegetativo filament, and 
are said not to occur in the parasitic thalli on the stem. Those raised above the surface 
are formed on spooial sporangiophores, consisting of thick, rigid, soptate hairs, about 
1 mm. in length by 60 fi broad, swollen into a vesicle at the tip, and each oarrying from 3 
to 6 sporangia, whioh arise from the vesicle on ouriously ourvod pedicels (Fig. 176, 5) 
Theso sporangia are oval and rathor smaller than the other kind, averaging about 3 5fi 
m length, but are otherwise similar (Fig. 173, 6). In both oasos, when ripe, the content* 
of the sporangium segment into a number of little spherical masses, which are liberated 
as zoospores through an opening in the wall. The zoospores are orango-coloured, round 
or ovoid, and swim aotively in water by means of two cilia arising near together (Fig. 173, 0) 
After a time thoy come to rest, and germinate by radial growth, accompanied by the 
formation of converging walls which oxtend from the margin in towards the centro of the 
spore, and divide the latter into a number of segments (Fig. 173, 10). Each segment 
continues to expand radially with dicbotomous branching, and a new disk results (Fig 
173, 11). Some observers believe that the zoospores from the larger Bessile sporangia 
unite in pairs before germination, and are thus sexual gametes Besides the fertile hairs 
which carry sporangia, o thou sterile ones ariso from the thallus in the same munnei, 
recalling the paraphyses found in so many fungi (Fig. 173, 7). When the thallus is formed 
under the cuticle or epidermis, the hairs pieroe the covering to reach the outside. 

The mature aerial sporangia break off from their stalks readily. Germination onlj 
occurs in water and only during a limited period, a few days. Hence the rainy season 
is that best suited for propagation. On the other hand, excess of moisture chocks the 
reproductive activity of the alga, while favouring tho vegetative The mature sporangia 
are also injured by excessive moisture, many bursting prematurely, without forming 
zoospores. Even normally -formed zoospores frequently disintegrate without germinating 
Henoo there are many cheeks to the reproduction of the parasite. On the other hand, 
excess of water is reduoed by tho hard coriaceous surfaco of the tea leaf, which does not 
retain rain drops readily, aqd also by the fact that the ripe alga is not easily wetted. 

Dissemination jh both bv the wind and by water. The light sporangia 
are easily blown about, and they have been observed to germinate 
48 hours after detachment from the stalk. Experiments have also 
proved that the disease may be carried from leaf to leaf and from leaf 
to stem with drops of wate^ and on certain other hosts, where the 
arrangement and shape of the leaves are such that the rain water follows 
a definite course, the distribution of the algal patches along this course 
is sometimes very noticeable. 

The extent of the damage caused by this disease is difficult to esti- 
mate, as it is closely bound up with other conditions which reduce the 
vigour of the bushes. Its disastrous effects depend on whether it can 
penetrate the tissues of the young wood more rapidly than these are 
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removed by exfoliation. In other words, if the shoot is growing faster 
than the alga, the latter is removed and no permanent infection takes 
place ; if, on the other hand, the shoot is, through want of vitality, 
growing slowly, the alga is able to penetrate and destroy it. In some 
gardens in Nowgong and Cachar, it has been estimated to reduce the crop 
by 20 per cent., and in many places the production from old tea is less 
by 10 to 15 per cent, than it would be if red rust were absent. In the 
sandy, grey soil found in parts of the Duars, the rapid deterioration of 
the tea which sets in after 15 or 20 years is usually accompanied by a 
severe attack of this disease. Very severe attacks, leading in some 
cases to death of the bushes, have also been observed in the deteriorated 
“ bheel ” gardens of Sylhet. 

In the control of the disease there are two considerations to be borne 
in mind. The parasite may be directly attacked, with a view to reducing 
its prevalence and consequently the chances of infection of the new 
wood ; and the vigour of the tea bushes may be increased, since it is 
established that there is a direct connection between want of vitality 
in the bush and the virulence of the blight. 

To remove the parasite by pruning off and destroying the affected 
shoots, as was at one time advocated, appears to be of little use. Apart 
from the fact that it is very hard to remove all the growth, the new shoots 
again become infected, probably through the air. The tea leaves and 
the neighbouring jungle provide an inexhaustible reservoir of infective 
material. Collar pruning (i.e., cutting down to the ground), and even 
firing badly attacked plots, are equally quite futile. It is impracticable 
to remove and destroy infected leaves, owing to their immense numbers. 

Almost as futile have been the attempts to spray the bushes with 
fungicides at the time the blight is visible, that is to say, in the fruiting 
stage. Owing to the difficulty of wetting the patches, spraying does 
not sufficiently reduce the sources of infection to make it worth doing. 
Better results have been obtained from spraying during the winter months 
(the pruning season), when the parasite is usually not visible, though 
present in the vegetative condition. The disks are more easily wetted 
at this time than when they are fruiting. Bordeaux mixture of the 
6-6-50 formula, applied at the rate of about 150 gallons per acre imme- 
diately after pruning has, in some cases, been markedly successful in 
reducing the amount of disease. 

The presence of the alga on many jungle plants and shade trees near 
the tea, as well as on the tea itself, coupled with the probability that the 
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sporangia may be carried by the wind to considerable distances, combine 
to render largely nugatory any direct attempt to prevent the parasite 
reaching the new growth of the bushes each year ; it may almost be said 
that, provided the conditions of health of the tea are such as to favour 
the establishment of the blight on the wood, every bush, in many districts, 
will become infected. 

Hence all efforts must be concentrated on increasing the vigour of 
growth of the bushes, so as to strengthen their capacity to resist the 
disease. In other words, it is necessary to find the causes of lack of 
luxuriance in each particular area, and to remove these. A consideration 
in detail of the causes which lead to defective growth of the tea bush is 
out of the question, as it would mean a treatise on the cultivation of tea. 
There is little need to do more than enumerate some of the commoner, 
the remedy for which is usually sufficiently obvious. The most important 
is probably the presence of defective soil and subsoil conditions, due to 
lack of drainage, to the formation of a hard pan in the soil, even merely 
to poverty of the soil, or to lack of adequate surface and deep cultivation. 
In Nowgong, for instance, it has been found that where red rust is severe, 
the drainage is usually defective. The system of pruning adopted also 
largely influences the luxuriance of the bushes, it being, of course, much 
safer from this point of view to obtain a smaller number of very strong, 
well-grown shootB, lather than a large number of more feeble ones. 
Hence clean pruning, that is to say, the complete removal of the small, 
twiggy shoots throughout the bushes, is advisable, and also the cutting 
of each shoot left as short as possible, consistent with leaving at least 
one bud in the cut stem. The effect of denuding the bush of leaves, by 
too close plucking in the earlier part of the season, is another extremely 
frequent cause of lack of luxuriance. 

Finally, some types of plant are more susceptible than others, though 
no variety is as yet known to be altogether immune. The variety known 
as “ Assam indigenous ” is as a whole less resistant than the so-called 
“ Manipuri ” or “ China ” types of plant, or their hybrids with the 
“ Assam indigenous.” In existing gardens, this knowledge cannot, as a 
rule, be taken advantage of, as replanting is out of the question for many 
reasons ; but in planting out new tea, the less susceptible types should 
certainly be employed where the disease is ^prevalent and there are no 
strong reasons against their growth. 

Blister bltgbt ( Ezobatidium vexam Mass.). — The sudden and 
unexpected outbreak of an epidemic of this disease in the Darjeeling hill 
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district, where some of the best Indian tea is produced, attracted wide- 
spread Attention a few years ago. The disease itself had been long 
known, an account of its effects on tea in Assam having been published 
as far back as 1868. Hitherto, however, it had been confined to a com- 
paratively restricted area in the north-east of Assam, where in ordinary 
years it had not done much material damage, except in individual gardens ; 
there had been fairly extensive outbreaks in 1895 and 1906, and a less 
severe one in 1900, the weather conditions in these years happening to 
favour the blight ; but these epidemics were of short duration and the 
disease was not regarded as a serious or permanent menace to the tea 
industry, even in the affected tracts. 

With the appearance of blister blight in the neighbourhood of 
Darjeeling, this view has had to be modified. Fears were early expressed 
that it would find a more congenial environment in the humid atmosphere 
of these hills than in its original home in Assam, and the experience of 
the past few years seemB to have justified these fears. Since 1908, when 
it was first reported near Darjeeling, it has continued to spread and to 
take its toll of the bushes in spite of efforts to check it. It has approached 
the important districts at the foot of the hills and it is impossible, at the 
moment, to foresee the limits of its extension. The mass of the tea 
districts in the middle and lower parts of the Brahmaputra Valley, in 
Cachar, Sylhet, the Duars and Terai, are still free, and, as will be seen, 
there is ground for hope that climatic conditions will prevent it ever 
getting a permanent hold in much of this area. Meanwhile it is an 
actual cause of considerable loss in the Darjeeling hills, and a source of 
potential danger to certain other important districts. Tt is not known 
in any other tea-growing country, if we except a recent report from 
Formosa. 

Blister blight attacks tea chiefly during the rainy season, from June 
onwards, in Darjeeling. In Assam, it appears at the end of April or in 
May. Early attacks (as early as January in Assam and in March in 
Darjeeling), have been reported in some years, and occasional new 
blisters, bearing living spores, can be found practically throughout 
the cold weather, but after November are rare. 

The first symptom is the appearance of small, pale or pinkish spots 
on the leaves. These spots are round from the first, and rapidly enlarge 
.to a diameter of from to $ of an inch, or, rarely, to almost an inch. The 
colour sometimes becomes deep red on both sides of the leaf. More 
usually, the upper surface is pale green, yellowish, or pinkish, and shiny 
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as if varnished, while the under surface is dull and becomes first grey 
and powdery and then pure white and downy. On the upper side of the 
leaf, the spot becomes depressed into a shallow 
cavity, the under side bulging out into a corre- 
sponding blister-like swelling. Sometimes this 
shape is reversed, the blister appearing on the 
upper surface and the hollow below. Both con- 
ditions may be found on the same leaf, but the 
white surface, which is due to the outgrowth of 
the fungus in its fructifying stage, is always most 
evident below. In old .stages, the blister turns 
dark brown and shrinks to a flattened patch. The 
buds are attacked as well as the young leaves, but 
leaves over 4 weeks old are immune. The num- 
ber of blisters on a leaf may be up to about 
twenty. On the mid-rib they lose their circular 
shape, extending more along the rib than across 
it ; in this position, and also when the blisters are 
near the apex or margin or when several coalesce, 
much distortion and curling of the leaf may be 
caused. 

After the first appearance on the leaves, the 
Fl ° of 1 tp* SSShwiS f fi" disease spreads to the petioles and the young, 
succulent, gTeen stems, where, though not so 
conspicuous, it causes more serious damage. No 
blister is formed on the stem, and the spot early becomes elon- 
gated along the stem, afterwards gradually extending round it. 
A red colour is not developed, and the fructifying Btage is often 
grey instead of white. The affected tissues are swollen somewhat. 
Gradually the parasite eats into the stem, so that the leaves 
and buds above wither and blacken and the stalk bends over at the 
affected point. Since the attack develops usually at the time of 
the first flush, the young shoots are killed when they have given two or 
three young leaves. This means that the new growth is largely ruined, 
and the bushes have to make a fresh -start right from the level of pruning. 
While there is no evidence that heavily pruned tea is attacked .more 
virulently than lightly pruned or unpruned bushes, the damage done is 
much greater in the former, as the new growth in heavily cut-back tea 
is relied on to form a vigorous framework of good bearing wood for 
productiveness in subsequent seasons. The destruction of leaves and 
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shoots in the new growth of such bushes seriously injures the bush for 
several years. In other cases, the loss is chiefly to the yield in the current 
year, both by actual loss of leaf, and (when the attack is early) by reduc- 
tion of the vitality of the bush by interference with the functions of 
the leaves in elaborating food, and consequent retardation of the normal 
healthy flushing throughout the season. In very Bevere attacks, it is 
probable that the bush is permanently injured, owing to lack of nourish- 
ment of the shoots leading to the formation of weak, twiggy wood. 

The course of an attack in a garden is often very erratic. Individual 
bushes may be heavily attacked, others lightly, others again remain 
free from infection. It does not seem to begin in one place (though 
in Assam unpruned bushes seem to serve as foci of infection) but to 
develop erratically all over the block at the same time, especially when 
there is a spell of wet weather succeeding a few days’ sunshine. It may 
cease almost as suddenly, and in Assam usually does so as soon as a 
period of hot, fine, sunny weather sets in. The rate of dissemination is 
rapid, and the influence of prevailing winds in causing spread in definite 
directions sometimes quite noticeable. It is said that a block affected 
one year may be almost free the next, even when the disease is prevalent 
in the neighbourhood. It is, therefore, not a cumulative disease like 
the red rust, the difference being sufficiently explained by differences 
in the life-history of the two parasites. 

The mycelium of the parasite m the loaves is confined to the blistered areas, whore the 
hyphes are found ramifying between tho leaf cells The green colour of the cells is reduced, 
the starch disappears, and the cell sap beoomes pinkish, giving the reddish colour to the 
spot already mentioned. Tho cells of the spongy parenchyma usually increase in number 
more rapidly than do those of tho palisade layers, and this uneven development oausos the 
bulging growth on tho under side of the spot. This is increased by an accumulation of 
hyphsa on the inside of the lower epidermis, which push apart the outer layers of the 
spongy parenchyma (Fig. 170, 0-7). 

The hyphss are very fine, 1*5 to 2 3p. in diameter, septate, and with a tendency to 
t*«ollect in bundles. After a time, little groups of them emerge through the stomata and 
bear spores. The hyphal masses below tho epidermis increase at the same moment and 
soon rupture the epidermis by their pressure, so that an almost continuous layer of 
vertioal hyphse appears over the surface of the spot, oausing the grey or white ooating 
already mentioned (Fig. 176, 1). When spore-production is vigorous, the surfaoe of this 
layer becomes powdery. 

The spores are of two kinds. By far tho most abundant are conidia, borne singly 
at the end of long stalks. They are hyaline, elliptioal, sometimes unseptate but usually 
with a median septum when mature, straight or lightly ourved, and measure 12 to 21/u. by 
4 5 to Qfi in diameter. Conidia with two septa are sometimes found. They germinate 
after a few hours in water, giving a germ-tube from the end (Fig. 176, l- 3 ). 

The second spore form is that characteristic of the Basidioznyoetes, to which group 
the parasite of blister blight belongs. Basidia are formed in the surface layer in fairly 
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large number#, but never mo as to make a continuous hymenium. They are intermingled 
with the oonidial stalk# and sterile hairs, Each baeidium is long, olub-shapod. and with 



Fio. 176. Kxobawidium vescaiu : /, section of the leaf showing fertile hyphw 
of young blisters, x 146 ; t-S, germ-tubes of oonldia Infecting through 
sto mat a. X 680 ; 4, same, under surface of leaf, x 440 ; d, hyph® accu- 
mulating under a stoma, X 440 ; 0 , same fhowlng bursting of stoma, 
x 440 ; hypbffi bursting through epidermal cells, x 440. 


usually two short atertgmata at the end, eaoh bearing a basidiospore (Fig. 176, /). The 
baaidia are from 30 up to 90/* in length by 4 to 6/* broad, the sterigmata 3 to fl/* long, and 
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the spores 7 to 13*5 by 2*3 to 4 5/i in diameter. They germinate similarly to the oomdia, 
whioh they resemble cxoept in being unseptate Oooaaionally. basidla with 3 or 4 steng 
mata havo been observed 

Besides the fertile hyphae, others which carry no spores ooour in the surface layei, 
and give a downy appearance to the spot when numerous When growth is vigoious 
within tho leaf, spore-bearing tufts may also break out on tho upper surface, but they 
are always comparatively few in number. 

Infection occurs through the stomata of the under surface of the 
leaves (Fig. 176, 2 - 4 ), the germ-tubes of conidia or basidiospores entering 
and branching into a mycelium, chiefly situated in the spongy parenchyma. 
The spores early lose their vitality, few surviving even the journey by 
post from Darjeeling to Assam (perhaps 2 to 3 days from time of picking). 
No resting or dormant stage is known, so that if a patch of tea can be 
once cleared of the living blisters, it will remain free unless re-infected 
from outside. The new spot is clearlv visible about eleven days after 
infection, and six to eight days later the blister is fullv formed and 
producing spores. 

The control cf the disease appeal s to be very difficult. The measures 
tried have been picking off diseased mateiial, pruning, and spraving. 

Picking off and destroying diseased leaves and shoots has been 
energetically carried out on some gardens, with indifferent results. In 
one area of 1,300 acres, over 32 tons of diseased material were gathered and 
destroyed in 1908 and 1909, but in August of the latter year the disease 
spread beyond the capacity of the available labour to cope with it. Close 
plucking of all shoots, whether diseased or not, repeated three times at 
intervals of four or five days, was tried in another garden, the idea being 
to remove all susceptible parts of the bushes for a period long enough 
to ensure that no recent infections, not yet visible to the naked eye, 
should be left. The new growth then developed free from disease. This 
was repeated with some modification on a large scale, the coolies being 
instructed to pick the bud and two leaves as usual, but to remove the 
third leaf and also the fourth if there was one. Only little shoots with a 
bud and one leaf were left. The garden was gone over about every eight 
or ten days from July, and by the middle of September there was little 
disease left. This method, however, is only practicable late in the season 
after good growth has been made, as it would be dangerous to the bushes 
after unfavourable growth early in the season. The labour required 
is also often not available. 

Pruning has one important bearing on the disease. It is said 
definitely in Assam, and it is probable in Darjeeling also, that the blight 
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remains through the cold weather chiefly on unpruned tea. Certain 
gardens have reported that the attack appears each year at the same 
spot, near a seed garden, an old nursery, or a few abandoned bushes, all 
of which would be unpruned. Iu any case, the more* complete the 
pruning, the less chance of the blight remaining throughout the cold 
weather. At the period of pruning, all old leaves with traces of blisters 
should be removed. As heavy pruning may lead to the bushes being 
permanently injured in a subsequent attack, severe cutting back requires 
to be done with much caution and avoided where an outbreak is 
feared. 

Spraying is attended with much difficulty. It has been established 
that Bordeaux mixture kills the spores and superficial filaments of the 
parasite, and checks the spread on the shoots. It is necessary, however, 
that the spray should reach the under surfaces of the leaves, which is 
difficult to secure ; nine-tenths of what falls on the upper surfaces are 
wasted. The gardens in the Darjeeling District are often on very steep 
slopes, and the transport of the material is an arduous task. The heavy 
rainfall too, at the time of year when the blight is spreading most rapidly, 
reduces the number - of days suitable for spraying and often washes off the 
mixture before it has time to set. As the spray does not prevent young 
blisters from ripening, the coating should remain long enough on the 
leaves to check infection from subsequently matured spores, if it is to be 
effective. This is almost impossible to secure in the rains, and general 
spraying at this season is out of the question. But on heavy pruned tea, 
new extensions, and seed beds, where the area is usually small and the 
damage may be lasting, a sustained effort to check the disease by repeated 
sprayings has been found to repay the labour and expense. Further, 
-cold- weather spraying, and also spraying in the early months of the year, 
when the first cases are seen, may be found of value. For cold-weather 
spraying, it has been recommended that badly infected tea should be 
first thoroughly cleaned out and then sprayed with a solution of 2 lb. 
caustic soda in 10 gallons water. This is said to have the advantage 
over Bordeaux mixture of not only killing fungi but also removing mosses 
and lichens ; but it cannot be used on bushes with leaf as it bums the 
leaves. It is best applied Borne weeks before the new budB are due to 
appear. Where there is much leaf, as on unpruned, light pruned, and 
seed tea, Bordeaux mixture should be used, and applied about 
March. The cost of cold -weather spraying with Bordeaux mixture 
has been found to be from Rs. 2-4 to Rs. 2-8 per acre, excluding 
initial cost of machines only, and the labour required, lfc men and 1 boy 
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for 4 hours. The strength used in the experiments on which this 
calculation is based was 6-6-100, and the water supplv comenient. 

The conditions which predispose the tea to attacks of this blight are 
not yet well known. It has been observed that the high qit ality “ Assam ” 
and “ hybrid ” varieties in Darjeeling are more severely attacked than 
the “ China ” and “ Manipuri ” kinds. In Assam- also, the better 
varieties of “ Assam indigenous ” are said to have suffered severely in 
1906, but the “ hybrids ” here were less damaged, while “ Manipuri M 
'in some places was almost immune, but in others was nearly as much 
affected as the “ Assam.” 

Shade favours the blight, as also do low, moist localities. But the 
slight shade from properly planted and not too dense trees is said not to 
have any ill effects. 

Unquestionably the really important external factor in the disease 
is the atmospheric humidity. In Assam, a heavy rainfall in February. 
March, and April, coupled as it usually is with a relatively low 
temperature, is intimately related w’ith the outbreaks that have been 
observed. The immunity of much of the Assam tea areas is attributed, 
with great probability, to the fact that heavy i*ain in these months is 
rare outside the north-eastern corner in which the blight is prevalent. 
In Darjeeling, the moisture conditions are such as to favour the disease 
in many places ; on many of the slopes, rain falls almost every day 
during the monsoon and mists hang about the hill sides. At elevations 
of from 4,000 to 5,500 feet, these conditions are most marked, and it 
is here that the worst damage has been done. 

Though some half-dozen allied fungi have been found on the leaves 
of jungle trees and bushes in the Himalaya, that under consideration 
has not been found on any other plant but tea. The probability is that 
it lives all the year round on tea only, and that re-infection from the 
jungle, such as, no doubt, frequently occurs in red rust, need not be feared 
in blister blight. 

Pink disease (Corticium salmonicolor B. & Br.). — This disease is 
known to attack tea in southern India, Ceylon, and Java, but has not 
yet been recorded in the northern tea districts of India. It is described 
below on p. 499. 

BFOWn root disease (Hymenoch&te noxia Berk.).— This is one of 
the diseases formerly included under the general name “stump rot,” 
Bince it ordinarily arises, like the diseases caused by Rosellinia and 
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Ustulina, from the decaying stump of some jungle or shade tree, which 
has been cut down and left to rot in the soil in which the tea is growing. 
Tt is widely distributed in the tropics, occurring in Ceylon, the Malay 
Peninsula, Java, Sumatra, New Guinea, Samoa, and east and west 
Africa. It attacks a number of the most valuable tropical products and 
■also jungle trees ; rubber (Hevea, Manihot, Castilloa, Funtumia), coffee, 
cacao, camphor, breadfruit, Caravonica cotton, coca, dadap (Erythrhia 
Hp.), OreviUea robusta , Cinnamomum Cassia, Albizzia siipulata and Brun- 
felsia americam being amongst its victims. It is the commonest root 
disease of Hevea rubber in Ceylon, and the only one known to attack 
cacao in that colony. In India, it has, so far, been noticed on tea, coffee, 
Hevea, Manihot, and Grevillea only, but will probably be found on other 
hosts. It is the commonest cause of root disease in tea in the sub- 
Himalayan tracts, especially in the sandy soils of the Duars and Terai. 
It is also found in Darjeeling. 

The symptoms resemble those of the other root diseases mentioned 
below, but, as the spread is slow, it is usually observed when only one or 
a small group of bushes is affected. The leaves wither and the bush dies 
rather suddenly. On digging it up, the roots are found encrusted with 
a mass of sand, earth, and small stones, intermingled with bark and the 
mycelium of the parasite, the whole forming a gritty coating which 
is quite characteristic (Fig. 203). In the early stages the colour is brown, 
due partly to the tawny brown hyphse of the fungus, but later on it 
tumB black, almost as if charred. This is especially noticeable on the 
tap root. The brown sheets and masses of the fungus are found 
projecting from the outer surface, and also extending into the deeper 
layers of the cortex as far as the wood, where there may be a continuous 
fungal sheet, lying between the bark and the wood. The inner layers 
are light in colour, sometimes almost white. In the early stages, the 
wood of the root is little altered ; later on, more or less wedge-shaped 
areas with a grey discoloration, bounded by clearly marked, narrow, 
sinuous, brownish lines are found, and if the bush be left for a long 
time after death, the tissues within these dark, boundary lines decay, 
leaving a honeycomb structure, the bounding marginal portions being 
dark and hard, while the intervening rotting portion is yellow and 
soft. The bark shreds easily into layers, each layer lined more or Jess 
by fungus ; and flakes of it are found buried in the fungus mycelium 
and gritty coating on the root. 

The mycelium of the parasite occurs in considerable quantity on the surface of affected 
roots. It consist* of long, flattened hypbft, varying in diameter, septate at rather wide 
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intervals, and branohiug sparingly The hyphse are brown* when young, and tend to " 
-collect into small shoots and nodules Later on they usually condense into mom < on tin 
uoos sheets, the outer layers of whioh are dark brown 01 black, 
hard, brittle, and rather shiny, and serve as a oovei ing to tho 
lighter coloured hyp h re below At points where extension is 
still going on, the hyphre oan lie found forcing their way 
between the cells of the oortex and down to the cambium layer 
The wood is invaded at a later stage chiefly along the 
medullary rays, causing tho wedge shaped areas me nt toned 
above 

No mature fructihoation has as yet been detect* d on tea and 
there is no absolute proof that the fungus descnbed is really 
parasitic, though this is highly probable from its regular ocoui 
renoe The sporophore of the presumed paiasite Hymenorhcete 
noxta , has been found outside India on hi veral of the other hosts 
suffeung from a similar disease including Hevea and breadfruit 
It appears to be rarely formed so that disBemmation by s]K>n s 
is probably uncommon It develops as a thin dark brown ciust 
adhenngto tin base of the stem and up t j several mchtH in dia 
meter The surfoct is brittle apparently from the diymg of a 
gummy substance excreted from tin hyphre and is provided with 
numerous minute bustles each of which is a single ngid hypha 
up to 1 Kty* long by 5 to 8 /a broad hi ight brown in colour with 
very thick walls and blunt or pointed at the tip These bristles 
may sometimes lie found even on stonlo crustH of tho fungus 
When a hymenium is formed it covers a part of the wholi of tho 
exposed surface of the spmophore mid is somewhat \olvety 
in appearand f» >m the presence of th< bustle's The spores 
are formed free n the ends >f upnght leasid i and are elliptical and 7 by ^ 
in eliamcter 

In Ceylon, it 1 ^ said to develop sometimes in old tea where no jungle 
stumps remain, but in one case was definitely traced to old nahor (Mesua 
Jerrea) stumps Dadap, Grevillea, Melia, Cassia, and Semecarpus can also 
start roo.t disease In India and in the Malay Peninsula, observations 
have led to the v ew that it always arises from decaying wood and that 
its propagation by spores must be very rare If the dead bush or tree 
is allowed to remain, the mycelium spreads along the roots until it comes 
into contact with the roots of other bushes, which are then in turn 
attacked It is unable to spread through the soil (unhke Rosettima 
arcuata , for instance), and its extension is much slower than m the case 
of either Roselhma or Ustukna In one case observed m Hevea in 
Ceylon, the first death occurred (probably from infection from old cacao 
stamps) when the trees were 8 years old. It was not removed, and two 
years later the next tree m the line, 14 feet away, was killed. After 
another two years, the process was repeated The path of the fungus 
from one tree to the' next was traced along the roots. In India, the 
diflpaftf is most often met with on sandy soil. 
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i oofc disease of 
tea (Bym«nochcet« 
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fi unification at 
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The treatment is comparatively simple. Dead bushes, with as 
much of their roots as possible, should be removed and burnt. Where an 
old stump is found in the neighbourhood, it should also be dug out or 
broken up. If all infected roots are removed , it is rave to find any 
further cases, as the mycelium does not appear to be capable of 
independent life in the soil. Some have recommended that quicklime 
Bhould be forked in, as it may help to destroy remnants of the fungus in 
roots left behind, but it is not certain that lime kills the fungi concerned 
in root disease. Trenching is unnecessary, if the roots are completely 
removed. There appears to be no reason why replanting may not be 
done at once, though further experience on this point would be 
advantageous. As in the case of other allied diseases, it would be most 
valuable to know what jungle and shade trees (or shrubs) are capable of 
starting this disease, so that, when it is necessary to cut them out, 
precautions may be taken to prevent their stumps from damaging the 
tea. Mesua ferrea stumps, at least 14 years old, have been known to 
kill tea in this manner in Ceylon, and probably several of the trees 
mentioned under stump rot kill tea by starting this forip. of root disease 
and not Ustulina or Rosellinia. 

Red root disease ( Sphcerostilbe repens B. & Br.).— This fungus has 
been recorded as a parasite of Hevea rubber trees in Ceylon and Malaya, 
and has been found on tea in Assam. It is not considered to be a serious 
enemy in either case ; probably it requires special soil conditions to 
become parasitic at all on tea. 

The funguB is confined to the underground parts of the plant, where 
it is visible on the base of the stem, and on the larger roots, as clusters of 
short, reddish stalks, of a maximum length of one-quarter of an inch and 
often with a round, white head (Fig. 178, 1). They are quite conspic- 
uous when fresh. There is no visible external mycelium, such as occurs 
in the Rosellinias, but on lifting off the bark (which is usually decaying 
and easily removed), very characteristic, flattened, black rhizomorphs are 
exposed (Fig. 178, 8 ). These strands form branched markings on the 
surface of the Wood, which persist after most of the fungus mycelium 
has decayed. The individual strands are about one-eighth of an inch 
across, and vary in colour, when fresh, from pink to brown or black, 
according to age ; those that are quite young appear reddish, and in 
culture the reddish tinge is distinct. 

effect on rubber trees is said to be to thin the foliage and cause 
&e branches gradually to die back. The progress of the disease is slow, 
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but death hes been observed to result in both young and old trees. The 
effect on tea has not been fully recorded. 



hio- 178 Red root disease of tea (SpharroitUb* repent) 1, root with 
oonidial stage, nat else ; 8, oom pound sporophore, x 33 , S, fertile 
hypbn and oomdia, X 260 ; 4. hypha with spiny wall from base of 
oonidlophore, X 260 ; 6, hair from aide of oonlalophoie. x 260 ; 6, 
oroas-seotlon of ihixomorph ahowirg cortex and medulla; 7, part of 
aame showing proliferation of surface cells, X 260 ; 8, rhizomorpbs 
on surface of wood, X g , 9, a perithedum ; 10, aacus and aacoapore, 
X 260 


The mycelium extends throughout the oortex and wood of affected roots, And may 
rdvai oo some distance up the stem within the wood The bark is softened and turned 
llunh -purple m the deeper layers The wood also may be discoloured, usually beooming 
B a MO 28 
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blirish-blaok. Rhizomorphs are freely formed, ohiefly between the -bark and wood but 
*1bo in the bark. They are also produced in oulture, and ooijsist of a oortioal part, com- 
posed of polygonal pseudoparenchyma, and a medulla of thread-like hyph® (Fig. 178, 6). 
Tho surfaoe is often rough or oven hairy, from the growth of the surface cells into chains 
of rounded cells or elongated hairs (Fig. 178, 7). Conidia of two kinds are formed in 
oulture, both borne on the ordinary hyph® of the myoelium and not on speoial sporophores. 
One kind is round, brown, thick-walled, and 10 to 12 fL in diameter, the other oval, oolour- 
less, thin-walled, and up to 20/u. long by 10ft broad. 

On the host plant, the oonidial stage is represented by the prominent sporophores 
mentioned above as forming r oddish tufts on the bark. Each stalk consists of a some- 
what swollen base of pseudoparenohymatous oells, from whioh a cylindrical body of 
elongated hyph®, closely united into a solid masB, arises (Fig. 178, £). At the top, the 
hyph® branch frequently and each branch terminates in a blunt tip on whioh tho oonidia 
are borne singly (Fig. 178, 3). After falling, they remain collected into a mass, embedded 
in a mucilaginous substanoe, on the end of the stalk. The oells of the Btalk are roddiBh- 
brown in oolour and give off laterally hair-like processes, consisting of a ohain of cells, 
with roughened or spiny walls, each oell being about 20 to 20 by 4-5 to 9 fi in diameter 
(Fig. 178, 6). Hyph® with similar walls ocour at the base of tho sporophore and on the 
surfaco of the rhizomorphs (Fig. 178, 4). 

The oonidia are oval, pointed at one end, hyaline, and 11 to 13 by 4 to 5-flp- in diamoter. 
Larger conidia, up to 22 by 10 fi, have been described on other plants, and thp spores are 
probably very variable in size. 

At a later stage, peritheoia are formed on the bark. They are small, dark red bodies, 
rounded below and drawn out above into a short conical nock, at therfip of whioh is an 
opening (Fig. 178, 9). They are found soatterod on the donBer parts of the mycolium, 
or clustered around the base of the oomdiophores, or oven seated on the latter. On rubber, 
they are described as being about 000 fi high and 400 p broad. On tea, those hitherto 
seen have been loss than half this size. Each contains numerous asoi without paraphyses 
(Fig. 178, 10). Tho asoi are irregularly cylindrical, with a short stalk, and measure 75 to 
200 by 10 to 20 p. They contain 8 spores, in one or two rows. Each spore is composed 
of 2 colls, oonstrioted at the septum, oval, pale reddish-brown, and 19 to 21 by 8 to 10ft in 
diamoter. 

The parasitism of the fungus has not been established, inoculations 
on Hevea trees in Malaya having failed. If a true parasite, there would 
seem to be some special conditions requiring to be satisfied before infection 
can occur. Deficient drainage, and swampy, stiff, or sour soil, have been 
suggested as predisposing causes, but little is really known of the disease 
as yet. 

The cases are usually scattered, but the fungus is capable of spread 
from one bush to another through the soil, as in stump rot due to Rosel- 
linia, and it is said usually to originate in old jungle stumps. 

Treatment, on present knowledge, should be on the same lines as 
in stump rot. The fungus lives readily as a saprophyte on pieces of 
fallen wood of several trees, and no stumps or old wood fehould be left 
near by. Trenching Bhould be done both around the patch and between 
the rows, And slaked lime should be mixed with the soil at the rate of 
four lb. to every square yard. j tr* 
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Besides tea and rubber, the fungus has been found on jak {Arto- 
carpus integrifolia ), dadap (Erythrina), and arrowroot ( Maranta arun - 
dinacea) in Ceylon, being undoubtedly parasitic on the latter. An allied 
disease is known on limes in Dominica, but the cause has not yet been 
identified definitely. 

Stump rot (Rosellinia spp. and Ustulina zonata (L6v.) Sacc.). — The 
name “ stump rot ” has been somewhat indefinitely given to a group of 
diseases of tea, coffee, and other plants, which, while differing more or 
less in their symptoms, all agree in that the infection usually arises under- 
ground from the rotting stump of some jungle or shade tree, which has 
been cut down and left to decay in the midst of the tea, or when the land 
is first cleared for planting. 

The term may conveniently be restricted to the forms of disease 
caused by parasites belonging to the allied genera, Rosellinia and Ustu- 
lina. The somewhat similar disease caused by Hymenochmte noxia 
has been separately considered under the name of “ brown root disease, ” 
as the fungus concerned is a widely different one, and the characters 
sufficiently distinctive to have given this name a definite significance in 
other countries. So far, only these three genera have been identified in 
India, though it is probable that they do not cover all forms of stump rot 
which occur in this country. In particular, the type of disease caused 
by Poria hypolateritia in Ceylon may be expected to exist in India. 

In stump rot caused by Rosellinia or Ustulina, the tea, especially 
in land cleared from heavy jungle, is found to die out in patches, without 
apparent cause. At first, a bush or several near together appear as if 
suffering from drought or insufficient nourishment. The leaves wither, 
turn brown, and drop off. In some cases, death is very sudden, almost 
as if from fire, and the leaves remain hanging and wilted, but still more 
or less green, on the bush. New shoots rarely arise from below, once 
wilting sets in, and this sometimes helps in distinguishing stump rot 
from forms of stem disease. Usually, after the first bushes die, others, 
surrounding them, show signs of infection, and the disease spreads in 
ever-widening circles unless measures to check it are taken. In most 
cases that have been examined, the decaying stump of some tree, 
formerly cut or blown down, has been found in the centre of the patch, 
and it is now fully accepted that the disease commonly arises from 
these stumps in some manner not yet entirely understood. This is 
especially the case with Ustulina, some of the Indian RoselHnias being 
much less often connected with stumps. 
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Stump rot occurs in all the tea districts of India. In the Terai, the 
form caused by Ustulina is, so far, the only type observed, and this also 
is the commonest in the Brahmaputra valley, where, however, that due 
to Rosellinia sometimes occurs, especially in old tea. In Sylhet, the 
latter is said to predominate. These reports are, however, liable to be 
modified as time. goes on, as the difEerent forms are not yet sufficiently 
known, particularly as regards Rosellinia, to make identification easy. 

The same difficulty arises if we desire to ascertain the distribution 
of the different varieties of stump rot in other countries. The disease is 
well known in many tropical and sub-tropical lands, where tea, coffee, 
cacao, rubber, and other woody plants are cultivated. In several cases 
it has been attributed to Rosellinias, but the only species identified, 
outside India and Ceylon, are R. bunodes (B. & Br.) Sacc., and R. Pepo 
Pat., from the West Indies, where they attack limes in recently cleared 
forest land in Dominica, Castilloa and camphor in Grenada, and many 
other plants, including all that are usually planted in new forest clearings, 
in various places ; while a similar disease in coffee and Inga laurina in 
Guadeloupe may very possibly be also caused by thejp. The black 
root fungus disease of coffee in Java may similarly be due to a 
Rosellinia ; and in Singapore Botanic Gardens a form, named as R. echinata 
Mass., but indistinguishable from R. bunodes , was described some years 
ago as attacking Ficus dubia and a number of other trees and shrubs, 
and killing them rapidly. 

In only a comparatively small number of cases has the parasite 
been identified in India. In most it has proved to be Ustulina zonata , 
but Rosellinia arcuata occurs in Darjeeling, another species of this genus 
in Dchra Dun, and, m Assam, Rosellinia is said to be a cause of stump rot 
in old tea in certain districts, though the species, as in the Dehra Dun 
cases, has not yet been identified. In Ceylon, Ustulina zonata is the 
most frequent root parasite 6f tea, but Rosellinia arcuata also does 
harm. In South India, R. bunodes kills pepper and several forest and 
shade trees, but has not yet been found on tea. The parasitism of 
this species, first detected in India, seems to have been doubted in Ceylon, 
but the receht West Indian investigations support our views as to its 
danger. It is more fully described above on p. 357. It is evident from 
all this, that several allied species are capable of attacking tea ; and it is 
by no means certain yet in what districts they occur and which is the 
commonest cause of stump rot in each area. 

The Rosellinia found in a typical case of stump rot in Dobra Dun, only developed 
its peritheoial form, after some months, on the rotting main roots. This showed it to 



TEA : STUMP ROT. 


4*7 


be one of the rape forms in which the pentheola develop in definite solerotia, ns m the 
well-known vine parasite, RoseUtnta necairix, in Europe. Further identification was 
impossible, and the case is onlv of interest as being one of the few so far recorded of the 
disoovery of the peifeot stage of Kosellima on tea in India 


, Ro8ellinia arcuata Petch has qi 
a parasite of tea in northern India 
but has been chiefly studied in 
Ceylon. The species is interesting, 
as it is believed to originate usually 
in accumulations of dead leaves and 
not, like most other soil-dwelling 
parasitic members of the genus, in 
old wood, though it has been ob- 
served in some cases to start from 
Grevillea or Symplocos. The my- 
celium is found in the top two or 
three inches of the soil, especially 
where there is a mulch of dead 
leaves, and spreads very rapidly in 
the form of somewhat fleecy strands, 
attacking the roots of several other 
plants besides tea. The growing 
margin of the mycelium is white, 
further back it is smoky-grey, and 
when old quite black. The hyphee 
spread down the main roots when 
they reach a tea bush, forming a 
loose, cobwebby mass on the surface 
or, especially in old bushes, black 
strands, closely adherent to the 
root. These enter the bark and 
spread out into star-like sheets 
of white mycelium, up to half 
an inch in diameter and easily 
seen on peeling the bark from 
the large roots (Kgs. 179, 9). The 
attack usually begins at the 
collar and while some hyphee 
extend down the roots others grow 
upwards and form a coating, purple- 
grey at first and then black, on the 


recently been identified as 



Fig 179. Roullinia arcuata . 1, perithe- 
oial stage, x 4 ; f, group of peritho- 
ola, x 4 ; J, oonldial stage, x i ; 4. 
asci and paraphyaea, x 100 : 5, aaoo- 
spores, x 210 ; 6, young compound 
oonidiophore, x 100 ; 7, apex of 

feitile bypba of same, x 210 : 8, 
ditto of older oonidiophore, x 210: 
9, mycelial atranda under bark of 
root, x |. 


stem for about 6 inches above 


438 


FUNGI AND DISEASE IN PLANTS. 


ground. Here they develop a conidial stage. The perithecial stag* 
appears late and, as with most of its allies, is rarely found in 
the field. It has been suggested that, owing to the free formation 
of eonidia, this species is capable of dissemination by the wind 
and that the ordinary measures to prevent the spread of the mycelium in 
the soil, used in dealing with stump rot, are ineffective unless supple- 
mented by arrangements to check dissemination of the eonidia. The 
fungus attacks Qrevittea robusta, Symplocos obtusa , Panax fruticomm , 
camphor, Strobilanthes, and Erythrina, in Ceylon, but not cacao or 
Hevea. 


The oonidial stage of R. arcuala (Fig. 179, <7) oonsists of short, erect, briatlo-like 
stalks, produced in dense dusters, so as to give a velvety appearanoe to the surface. These 
stalks are branohed above (Fig. 179, 0), eaoh branch bearing hyalme, unicellular, narrow- 
oval oonidia, 4 to 6 by 2/a in diameter (Fig. 179, 7-5), which form a white or greyish powder 
on the surface. The porithooia are spherical, blaok bodies, almost liko grains of shot, 
about inch in diameter, and found in clusters on the mycelium at the base of the 
stem, often amongst the oonidial stalks, so as to appear at first half-immersed in the 
mycelium (Fig. 179, 1-8). The asoi are 260 to 350 by 7 to 9/a, cylindrical, with a single 
row of spores, 8 in number (Fig. 179, 4). Paraphyses are intermingled with the asci 
and are thread-liko bodies, about 2/a aoross. The spores are opaque bftek, boat-shaped, 
with pointed ends, and measure 40 to 47 by 5 to 7/a (Fig. 179, 5). 

UstuUna zonata (L6v.) Sacc. is perhaps the commonest cause of 

stump rot both in India and 
Ceylon, and has recently 
attracted much attention on 
rubber estates in Malaya. It 
is often found in the Terai, 
Nowgong, Dibrugarh, Doom- 
Dooma, and other parts of 
the north-eastern tea districts 
but has not yet been reported 
from southern India. Like 
the brown root disease, it is 
said to be found usually in 
recently cleared land, whereas 
Bosellinia is commonest in old 
tea. It arises frequently from 
decaying stumps of Grevillea 
and AUnzzia molucoam , in Ceylon, where both are much used as shade 
trees in tea gardens. Such decaying stumps are said to be subject 
to infection by means of the spores of the fungus, while the tea is 
usually attacked only below ground by the mycelium from the ^hade 



FlO. 180. Uttulina zonata : 1, fructification at 
base of tea stem, x f ; 2, section of upper 
part of oonidial fructification, x SIS; 0, 
perithecial layer at surface of mature fruc- 
tification, x 8; 4, aeons, x 180; 6, asoo- 
, x 200. (f after Brooks). 
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tree stumps. When first noticed, the stump is usually in the last 
stages of decay and two or three of the surrounding tea bushes are 
dead. As a rule, the bushes die gradually, the leaves fall off and no 
new shoots are produced ; sometimes, however, they dry up suddenly, 
with all their leaves attached and still greenish. 

The dead tea roots do not show any external mycelium, unlike what 
occurs in RoselUnia arcuata and probably most other specieB of the 
latter genus, where a surface mycelium is usually well developed. Only 
a few inconspicuous black; spots mark the places where the internal 
mycelium is emerging to form fructifications. These fail to progress 
further unless above the soil level. On removing the cortex of the root, 
white, fan-shaped patches of mycelium are found, overlying the wood ; 
these are frequently fused into a continuous sheet. Irregular, black 
lines are seen in a cross-section of the root. 

The fructifications are produced abundantly on the dead Grovillea stumps, and also 
at tho collar of the tea stem, if loft standing long enough (Fig. 180, f). The mycelium 
spreads out on tho surface, forming a yellowish -white plate, lying (‘lose to the bark but 
only attaahed at one point, the rest of the under surface being at first white and later 
black. The plate is up to 2 inches or more in diamotor, by about fa inoh thick, and is 
oonoontrioally furrowed owing to alternate periods of growth and rest. Frequently, 
several such plates ooalesce to form a larger shoot, and irregular orusts up to a foot or 
more across may thus bo formed. 

When young and still Boft. oonidia arise from the surface (Fig. 180, 2). These are 
hyaline, unioollular, narrow -oval, and measure 4 to 8 by 2 to 3/*. They arise on olosely 
orowded, eroot, simple stalks, and give a grey or greenish, powdery appearance to the 
surfaoe. Later on the plate beoomes purple-grey (sometimes black when old), hard, and 
brittle and tho surfaoo is dotted with small spots, tho openings of tho perithocia. The 
porithoaia are round or oblong, about 1 mm. in diamotor, and entirely buried in the plate, 
the mouths scarcely projecting (Fig. 180, 3). Tho asoi are cylindrical, about 260 by 10/*, 
with long stalks, and oontain each 8 spores (Fig. 180, 4). Thread-like paraphyses ooour 
between thorn. Tho spores are opaque black-brown, boat-shaped, unseptate, and with 
obtuse ends (Fig. 180, 5). They measure 27 to 38 by 7 to 13/*. 

The above description applies only to typical forms, the fungus being very variable 
as regards the size and shape of tho fructification. The plates may be undulating or 
thrown into prominent folds, especially when found on loose bark and earth at the base 
of a Grevillea stump. Sometimes thoy are stalked, and there may be a number of suoh 
stalks eaoh with a small plate at the top, the appearance in tho oonidial stage resembling 
a small Xylaria. In sheltered pl&cos, tho upper surface may remain white, even when 
bearing perithocia. 

UstuHna may usually be distinguished from Rosellinia by the 
absence of any external mycelium, the characteristic sporophores, when 
present, and the fan shaped, white mycelial sheets under the bark, those 
of Rosellinia being more star-shaped. The different species of RoBellinia 
oan only be distinguished accurately in the perithecial stage, which is 
late in appearing and often hard to find. 
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The fungus also attacks the pomelo ' ( Citrus decumana), Orevillea 
robusta , Albizzia moluccana , Cassia nodosa , and Lafcmia VandelUam , 
besides probably other jungle trees. Its spores germinate readily on 
dead wood, and it has been found, amongst other hosts, on dead coeonut 
stem, but whether parasitic or not is not certain. It occurs in Ceylon on 
old, dead Hevea wood, and does much damage to full-grown rubber trees 
in Malaya. On Hevea it is a wound parasite, following borer attacks, 
bark injuries, and broken branches ; contact infection from diseased roots 
below ground also occurs. It sets up a dry rot of the wood of the stem 
and roots, being especially frequent at the collar. In late stages, the 
affected wood can be crumbled to shreds between the fingers. The 
attack is often unilateral, extension occurs chiefly in the wood, and the 
death of the tree may be rapid or very gradual. Trees under 10 years 
old are seldom affected. Thus, on this host, the fungus is a direct 
parasite, and jungle stumps and old timber are not concerned, except 
in so far as that they maintain a constant supply of infective material. 
Tea, on 4he other hand, appears not to be often attacked directly, but 
only through the agency of a neighbouring stump or another infected 
plant, and usually only underground. Exceptionally, tea may become 
infected through dead snags above ground. It seems to pass readily 
from root to root, but has not been proved to travel through the soil, 
nor to form mycelial strands in the soil like Rosellinia. 

The parasite is known in Java, Malaya, and possibly South America, 
but seems to have been sometimes mistaken for Ustulina vulgar ut , a 
common European species. 

The treatment of stump rot, from whatever cause, must be, iu tho 
present state of our knowledge, uniformly directed to preventing spread 
of the disease, through the soil or along the roots, from bush to bush. 
The danger of aerial spread from spores produced above the ground level 
is probably slight, if early precautions are taken to remove the dead 
and visibly infected bushes, and not to leave stumps of Orevillea and 
other susceptible trees project ng above ground or lying on it. 

When the first case is detected, in the neighbourhood of a rotting 
stump, a trench should be made, to include not only such bushes as show 
obvious signs of attack but also at least one row further out. The trench 
should be^about 18 inches deep, and may be as narrow as consistent with 
convenience in digging. In the heavy Malayan jungle lands in which 
rubber has been so extensively planted of recent years, it is recommended 
to trench to 2b feet, in order to get be T ow the level of infected lateral 
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roots of jungle trees, where stump rot is prevalent. In this case, the 
fungus Fomes lignosus ( semitostus ) is the usual cause of the disease, and 
it is doubtful whether Rosellinia or Ustulina ever go much deeper than 
a foot. The soil from the trench should be thrown into the infected 
area, and care should, of course, be taken to keep the channel free from 
debris, particularly leaves and twigs, by periodical cleaning out. 

The diseased bushes should now be carefully removed, with as much 
of their root system as can be got out, and the whole burnt on the spot, 
without delay. It will often be possible, during this operation, to examine 
the roots of the other bushes, within the trench, especially as there are 
usually indications of the side from which disease has come and the 
direction in which it is spreading to the next bush. If the roots of the 
bushes are infected, they should be removed also and burnt If not, they 
may be left and kept under observation for a time. The top soil should be 
well turned over, and if the rotting Bturap from which the disease has 
originated can be located, it should be broken up and burnt if possible. 
Roots and other parts which are difficult to burn, owing to their dampness, 
may be scorched sufficiently to kill the surface layera of fungus by mixing 
with straw or the like, and can afterwards be burnt at leisure. If the 
bushes are left long before removal, it is advisable to Bcorch before up- 
rooting, as there may be a development of spores at the base of the stem, 
and, consequently, danger of disseminating the fungus during the opera- 
tions. Some recommend a second digging over, and the incorporation 
of lime at the rate of about 25 lb. to every 100 square feet of surface, 
after about a month, and there is no doubt of the advantage of keeping 
the soil stirred and well aerated, though the benefit of liming seems to 
require more detailed proof, as it is known to be useless against several 
Boil-dwelling parasites. A more elaborate method has recently been 
advocated in Java, and has been tried in India. It aims at the 
production of ammonia gas in the soil, though here again it must be 
said that it has not been proved that ammonia interferes with the 
activity of the specific fungi under consideration. The operation 
consists in first liming the soil and then adding ammonium sulphate, 
the reaction between these substances producing ammonia. It has not 
replaced the older methods. Rosellinia arcuata can often be checked by 
clearing away leaves and twigs, cutting out infected parts and applying 
a good fungicide to the diseased bushes, exposing the collar of the 
bushes near by, and forking in 2 lb. lime per square yard. 

It seems probable, though exact observations on this point are 
lacking, that the parasitic mycelium rapidly disappears from soil that 
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has been completely cleared of rotting wood, diseased roots, and other 
plant dlbris. It is said in Ceylon to J>e waste of time to try to replant 
in patches caused by RoseUmia arcuata before 18 months. In South 
India, replanting after a year has been successful, but it is possible that 
the bushes had died from brown root disease, in which it is known that 
supplies may be put in very early if all the infected roots are removed. 
On present knowledge, it is perhaps safer not to replant for 18 months. 

There is no accurate information as to the conditions which are favour- 
able to stump rot. Ustulina has been frequently observed on sandy soil. 
Rosellinia is said, on the other hand, to be worse on low-lying, badly 
drained, and sour or heavy soils. It is also said to be worse in heavily 
shaded localities. Further knowledge of its dependence on such external 
conditions is desirable. 

The trees whose stumps are capable of starting tea root diseases in 
India are known in a few cases, but not what kind of disease each can set 
up. The worst are said to be the madar (Erythrina indica) and bela 
(? Semecarpus Anacardium). Others are the sum (Machilus bombycina), 
bukhain ( Melia Azedarach), simul (Bombax malabaricum), Grevillea 
robusta, and to a less extent nahor ( Mesua ferrea). The sau ( Albizzia 
stijmlcUa), so much used as a shade tree, is said to be, perhaps, the least 
dangerous of all. These observations apply to Assam only. In South 
India, the trees likely to set up root disease have been noted chiefly in 
connection with coffee, and are referred to under that head (p. 480). 
Grevillea, Symplocos, and Lagerstrcemia lanceolata (ben teak) are certain 
offenders. In Ceylon, Rosellinia arcuata may start from Grevillea and 
Symplocos, and Ustulina from Grevillea, Albizzia moluccana , and the 
other hosts mentioned above as subject to attack by this fungus. 

The question whether it is financially profitable to clear out stumps, 
when opening up jungle lands, seems to depend on the special circum- 
stances of each case. The arguments in favour of it are decidedly less 
strong than in the case of rubber (see p. 508), the latter being much more 
subject to root disease, and more troublesome to replant when vacancies 
occur. It b clear that certain trees, such as the simul, should not be 
cut down at all, unless their stumps can be removed when clearing. The 
choice of Grevillea as a shade tree seems to have been unfortunate, as 
this tree also cannot safely be cut down without “ stumping.’* It can 
sometimes be pollarded, without dying, when it gets too big. If & 
complete list of the dangerous trees were available, it would probably 
often be possible to carry out a selective stumping, removing only such 
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stumps as are known to do harm. In Malayan rubber estates, selective 
stumping is said to be impracticable, but the number of harmful trees 
is greatly superior in that region, owing to the prevalence of the Fomes 
root fungus on a very large number of hosts. In any case it appears 
foolish to leave the Btumps of such trees as are mentioned abovfe as being 
known to cause trouble, and these should either be stumped or not felled. 

Copper blight {LcBStadia Camellia Cke.= ?L. Thece Rac.).— This 
disease is prevalent in certain tea districts and has attracted some notice 
during the last few years, owing to the extreme rapidity with which it 
spreads, though, on the whole, it is not considered to do much damage. 


It was firB;t described from Johore m 1884, the two stages of the 
parasite being taken for distinct fungi and named Sphcerella ( Lastadia ) 
CameUice and Phoma CamelUcB respectively. Lastadia Them Rac. was 
subsequently described from Java, on leaves bearing Colletoirichum Camel- 
lice, and was taken to be probably the perfect Btage of the brown blight 
fungus. If this is so, the Java fungus is identical with GlomereUa 
cingulata and has nothing to do with copper blight, but as the two fungi 
are very similar in their 

microscopic characters, it 2 

is not certain from the 
description whether 
Lcestadm Camellia or /[vl/ 

GlomereUa cingulata was f[\ nKAi 

observed. More recently, <\ 0 

copper blight has been j * CZJC--J mfm 

reported from Ceylon and 5 

the Federated Malay /-S n 

States. In India, it is ( {hH j 

known in the Duars and \v\ *3 l \ j / 

Terai, the Assam Valley, \\ ^ cifejfij 

and Sylhet. \t// ' ' 

The first symptom is 

the appearance of a Flo. 181. Copper blight of tea (Lasiadia OamMlicn): 

«i _ ii . , , /. leaf with patch of copper blight, x 4 \ 2, a peri- 

small yello WISH- Drown thecium, X 200 ; 3, ascua and aaooaporea of Lcesta- 

-u-- <tt« Thtw , 4, pyonidium, X 200; 0, pyonoapores, 

spot, soon turning copper- x 200. (S after Bernard). 

coloured, on the upper 

surface of the leaf. This Bpot is irregular in shape and the margin 
not very clearly defined, merging into the green part of the leaf. 
The surface of the discoloured patch is covered with very minute. 


Fig. 181. Copper blight of tea ( Lmtadia, Gamrtlia?) : 
L leaf with patch of copper blight, x 4 i a P«ri- 
thecium, X 200 ; 3, aacua and aao 
dia Thtw , 4, pyonidium, x 200 
X 2Q0. ( 3 after Bernard). 


; 3, aacua and aaooaporea of La*ta- 
ronidium, x 200; 6, pyonoaporee. 
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black dots, which on microscopic examination prove to be areas in 
which the peripheral leaf tissues have disintegrated, leaving small, 
crater-like depressions. In later stages the discoloration extends 
right through the leaf, appearing as a yellowish-brown* patch on the 
under surface, the colour on the upper surface at the same time turning 
greyish, and a sharp margin appearing between the healthy and 
diseased leaf areas. Fully developed patches may be two inches or 
more in diameter. The diseased portion is very brittle and often 
traversed by numerous cracks. 

In the early stages, especially at oortain times of the year, the parasite, after extending 
a comparatively short distance through the loaf tissues, produces a pycnidial typo of 
fructification ( Phoma Camellia Cke.). This consists of rounded, minute spore-cases 
entirely sunken in the tissues, scattered, and up to about 100 /a in diameter (Fig. 181, 4). 
The mouth penetrates the loaf epidermis to open at the surface as a very tiny orifice. 
Later, when fully ripo, the whole upper part of the pyonidium, together with the leaf 
tissue overlying it, » thrown off, leaving a crater-like cavity. The inside » filled with 
small, oval, hyaline, unseptato spores, measuring about 10 by 5/a Each is surrounded 
by a mucilaginous ooat and has a tail of the same substance at one end (Fig. 181, 5). This 
spore form is ohiefly found in the oold woather. 

In the warmor months, especially when the patches turn grey abq* T e, tho perfeot typo 
of reproduction develops as similar but larger black dots. These aro the poritheoia and 
eontain asoospores (Fig. 181, 2). Tho perithecia aro up to about 250/* in diameter, and 
are sometimes formed in ooncentric rings. They contain clavate asci, about 60 to 60 
by 10 to 12/a In diameter, without paraphyses, and each with eight Bpores. Tho spores 
are odourless, elliptical, unseptate, about 12 by 5/a in diameter, and arranged in two rows 
in the asous. 

The effect on the leaves is to dry them up, and cause them to become 
brittle and crack. The older leaves are chiefly affected. Sometimes 
there is distortion and folding of the leaves, when younger ones are 
attacked. The spores have not been germinated , and it is not known how 
infection occurs, but very probably the chief spread is from the pycnidial 
type of spore, the other being less easily set free. Spread in suitable 
climatic conditions is extraordinarily rapid, but ceases when a change 
of weather sets in. Shade has also a marked effect, the attack being 
sometimes confined to the shaded part of a bush. In Assam, it is said 
to develop most when warm sunshine follows heavy rain, as often occurs 
in April. The well-known grape disease (“ black rot ”), due to an allied 
furtgua (LcBStadia ox Guignardia Bidwellii), is equally dependent on the 
weather conditions prevalent at certain times of the year. It usually 
appears when, after a fall of temperature, accompanied by rain, tfie 
temperature again rises. It seems to be at this moment only that infection 
occurs. Some observers state that a light preliminary rain, a day or 
two before the heavy rain and fall of temperature, is also necessary. 
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Though widespread, copper blight is said to be not severe enough to 
necessitate any very drastic measures to check it. Where prevalent, it is 
certainly wise to remove the diseased leaves during the cold weather and, 
especially, to prune carefully any severely attacked bushes. If spraying 
is considered advisable, the exact time to do it must be worked out by 
closely watching the onset of the climatic conditions which induce an 
attack. The allied black rot of the grape is notoriously difficult to spray 
at the right moment, and treatment at other periods is of little use. 
Bordeaux mixture is the best to use. 

Internal root disease (Thyridaria tarda Bancr. ■= Botryodiplodia 
Theobromce Pat.). — The general characters of this parasite, and its effects 
on sugarcane, have been described above (p. 385), where it was shown 
that sugarcane stems are, as a rule, only attacked by it through wounds, 
or when they have been weakened by some other cause. On tea, however, 
it has hitherto been found chiefly in the roots, and there is no evidence 
that the infected bushes had been previously weakened in any way. It 
seems to be a true parasite on this host. Unlike most of the root diseases 
of tea already discussed, its attacks do not, in such cases as have been 
carefully examined in India, take their origin from decaying jungle or 
shade tree stumps ; in Ceylon it is said to arise sometimes around cut- 
back Albizzias, but even in this case the Albizzias appear to have been 
attacked on the cut surface above ground, and may merely have shed a 
sufficient supply of Bpores into the air to infect the soil around them. In 
Bishnath and Dibrugarh Districts, in Assam, it has been found chiefly on 
cleared grass land, where tree stumps are rare, and not on land cleared 
from forest jungle, where Ustulina and Hymenochfflte are the chief causes 
of mot disease. It has not yet been recorded on tea outside India and 
Ceylon ; its distribution even in this country is* not accurately known ; 
but it probably occurs throughout the tea districts, and it is unlikely that 
so widespread a fungus should fail to attack tea in other parts of the 
world. 

The worst outbreak of this disease hitherto reported in India, occurred 
in Bishnath District, Assam, in 1901. In one garden about 100 acres 
were affected, the loss of bushes varying, by 1902, from 75 per cent, in 
some parts, to about 15 per cent, in others, the average for the Whole 
being about 30 per cent. The affected area was originally grass land, 
not forest. Other subsidiary attacks were observed about the same 
time, the tea being m every case grown from the same seed, obtained from 
Dibrugarh District, where, as already state<jL, the disease is known to 
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occur. The bushes were from 3 to 4 years old and the attack began 
after the first pruning, when about 3 years old. Certain batches of the 
seed (it is believed, certain boxes) invariably gave rise to infected plants, 
while others remained healthy, and the planters concerned were convinced 
that the seed was already diseased when sown, the field evidence, on 
the whole, supporting this view. At the same time, there is reason to 
believe from other cases observed, that infection frequently occurs not 
through the seed but from the soil, or through wound infection above 
.ground. 




The symptoms are simple : the leaves take on a yellow appearance, 

and the network of veins 
m the leaf becomes very 
prominent ; defoliation 
then gradually occurs, 
and branch by branch 
the bush dies. To the 
naked eye there is little 
alteration in the roots, 
especially the largqr ones , 
those of intermediate size 
may show peculiar grey- 
ish markings, or rather 
large grey patches on the 
bark. On peeling off the 
bark, the wood of the 
affected roots appears 
stained by streaky, blue- 
black markings. There 
is no visible external 
mycelium, and only with 
a lens can the fructifica- 
tions of the fungus be 
discerned, breaking through the bark of roots killed by the disease, as 
small, black pustules. The bushes usually, in the cases noticed in 
India, die out singly, not in ever-widening patches as in stump rot or 
brown root disease. 



Fig. 188. Internal root diiMM of tea (BotryacUplodia 
Thtobroma): Motion of root Showing effect on 
wood, net. sUe j pjonidia in bark of large root, 
x 2 ; and, below, a pyonidlum bunting through 
the bark, more highly magnified. 


Besides these cases in young tea, others have been observed in old 
bushes in various districts. They were not easily dis t i ngu is hed from 
stump rot, the withered leaves remaining hanging on the bush for some 
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time. In many of these cases, infection clearly occurred through the 
wounds left after pruning. 

In Ceylon, this parasite is said to kill the bushes most usually after 
pruning, and to cause a larger number of bushes to die in each individual 
attack than in any other root disease, though less common as a whole 
than Ustulina. Patches of from 40 to 100 dead bushes are not uncommon 
in the low country of the Island, and in one case more than one-tenth of 
the bushes were killed over an area of 15 acres. Losses of 25 or even 50 
per cent, are said to occur in some blocks. Death usually takes place 
from six weeks to three months after pruning. This death after pruning is 
in harmony with what is known of the parasitic characters of the fungus 
on other hosts, as pruning necessarily causes some degree of shock to the 
bushes ; at the same time, there is good evidence that it cau attaok quite 
sound, strong bushes, and there is reason to believe that the fungus 
is already in the roots before pruning, the latter operation merely 
hastening its activity. 

The mycelium is wholly internal, oooupying the oortex and wood, whioh are blackened 
from the prosenoe of the dark brown hyph®. The fructifications are less evident than 
on Bug&roane, the pyontdia being buriod, exoept the mouth. The mioroaoopio oharaotere 
agree with those described on sugarcane (Fig. lfll). It is probable that the attaok begins 
on the amaller roots, when infection proceeds from tho soil, and works back to the main 
roots and along the oentral wood of these. As the inner wood is usually not functional, 
little apparent harm is oaused until spread to the outer layers ocours. It has been sug- 
gested that, after pruning, the outer layers beoomo partially dried and that this may 
allow the fungus to invade them more readily and explains the death of recently pruned 
bushos. Drought seems sometimes to aot in the same way. 

The disease is often found in India on sandy soil liable to drought. 
Many of the cases in old tea indicate that infection occurs through wounds, 
such as those caused in pruning, and that extension down to the roots 
subsequently takes place. The Bishnath experience, on the other hand, 
suggested seed contamination. We know, from other sources, that the 
fungus is commonly present in cultivated soil, as for instance at Fusa, 
but is usually able to attack plants such as indigo, growing in infected 
soil, only when they have been weakened from some other cause. In 
Ceylon, it is believed that buried tea prunings lead to an accumulation 
of the fungus ih the soil, and that as the tea roots grow towards the rotting 
prunings, they become infected. In St. Lucia, in the West Indies, cacao 
is attacked at the roots in heavy, low-lying, ill-drained soils, and the 
fungus is said to be probably able to attack only under such conditions. 

The progress of the disease on old bushes is slow. Toung plants 
seem to be killed more quiekly, but as the parasite may be present for 
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a considerable time before causing symptoms, it is difficult to gauge the 
duration of an attack. 

The treatment consists in uprooting and burning affected bushes 
in order to check spore production, forking in quicklime, with a view 
to aid the destruction of plant d£bris which may harbour the fungus, and 
reducing the amount of prunings and other woody material that reaches 
the soil. Supplies have been safely put in very soon after removing the 
bushes. An application of a 2 per cent, solution of ferrous sulphate 
was tried round the base of the bushes in Assam, and at first believed to 
have given good results, but later reports are wanting. Good drainage 
is said in the West Indies to be most important. It is unnecessary to 
emphasise the advantage of planting from good seed only. 

Brown blight {Glomerella cmgulata (Stonem.) S. & v. S. ■= Colie- 
totrichum Camellia} Mass.). — This disease was first described from Ceylon 
specimens in 1899, and was soon after recognised as being prevalent in 
India. It has since been reported from Java, Formosa, Uganda, and 
the Caucasus, and is doubtless widespread. A fungus found on dead, 
brown Areas of the tea leaf in Alabama, United States is, from the 
description, scarcely distinct, but has been named Collet otnchum Carve* i 

Ell. & Ever. The perfect 
(Glomerella) stage, has 
only been found on green- 
house plants in Washing- 
ton, United States, but 
there is said to be no 
doubt that the Indian form 
is identical. 

When first noticed in 
Ceylon, brown blight seems 
to have caused some alarm. 
Little has, however, been 
heard of it of late. In 
South India, it has recently 
become prevalent in certain 



Fig. 183. Brown blight of too (Glomerella cingu- 
late); I, loaf with brown blight, not oito ; t, port 
of aoermlao with conidls ond sets, X 200 ; 3, 
mouo, X 800, and MOoaporeo, X 460. (8 after 
Mawoe, 8 after Shear and Wood). 


districts, and in most of 
the tea .districts it is some- 
times a cause of loss. In 
Ceylon and Uganda, it is 


considered worse than grey blight, but in Java and the Caucasus, it 


has not been reported to be particularly harmful. 
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The first symptom is the appearance of small, yellowish-brown spots 
on the upper surface of the leaf, which extend both laterally and through 
the leaf, causing similar spots on the under surface. The colour soon 
deepens to chocolate-brown, and the growing margin, particularly on 
the upper surface, becomes marked by concentric zones of lighter and 
deeper shade, which are clearer than in any other leaf disease of tea. The 
margin of the leaf is frequently affected, and if growth haB not finished 
in the leaf, the effect of the local death of the tissues is sometimes to 
cause bending or folding of the leaf at the diseased spot. There is a 
well-defined edge to the brown area, and outside this the cells are slightly 
yellowed, as can be well seen if the leaf is held up to the light. Scattered 
on the brown portions on both surfaces of the leaf, the acervuli of the 
funguB can be seen as tiny black dots, which are often somewhat hairy 
when seen with a lens. These are usually in concentric, curved lines to- 
wards the edge of the spot. When old , the central part of the diseased area 
often ruptures and falls out, leaving large holes in the leaf. The spotB, 
when full-grown, may be up to an inch or moie in diameter, and when 
several occur together they may coalesce to form large irregular patches. 

Tho mycelium spread# within the leaf tinsues, proliaMy with alternate ponoda of 
growth and rest, and produces nporo« tow ard§ tho centre of tho spot while marginal growth 
is still going on The acervuli arise from stromatic oollectibns of the mycelium under the 
epidermis of both surfaces They are up to about :100/a in diameter. From the surface, 
a layer of sporo-boanng stalks grows out, rupturing the epidermis and exposing the spores 
to the outei air. The stalks are hyaline, up to about 115/* long by 3 to 4/a broad, and 
closely crowded together. The Bporos are borne singly at the tips, and are hyaline 
(pinkish in mass), unseptato, straight, rounded at the ends and 15 to 17 by 4 to 5/i in, 
diameter. In many aoervuli (but not in all) there are scattered, greenish-brown bristles 
(seteo), with 1 or 2 septa, pointed above, and 100 to 135 /a long by 7 to S/a broad. 

The Qlomorolla stage has not yet been found on tea in India, though what is probably 
the same ooours on chillies (p. 355) It will lie moro fully described under rubber 
(p 612) 

The disease is found more or less all the year round, but is most in 
evidence during the rams. It is usually confined to the leaves, though 
it has been reported on the stem of nursery plants in South India and, 
as will be mentioned below, an allied fungus is associated in Assam with 
a twig disease not yet fully investigated. Leaves of all ages are attacked, 
except the very youngest (those actually plucked). The effect of a 
bad attack in old tea is to weaken the wood, through defoliation, so that 
there is nothing to prune on to. If collar pruning is tried, the new 
suckers are apt to be attacked again. Supplies are also said to be much 
injured. It is said in Ceylon to spread with great rapidity, and also to 
do damage to reoently pruned tea, but it seems likely that it has 

b, bio 29 
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sometimes been confused with copper blight in that colony and these 
remarks possibly refer to the latter disease. No experiments have 
been made to test the mode of infection and other details in the 
life-history, and hence our knowledge of the parasite is lacking in many 
respects. 

The following recommendations for treatment haVe been made. In 
nurseries, all attacked leaves should be picked off and destroyed as soon 
as the disease appears, and the plants should then be sprayed with 
Bordeaux mixture (5-4-50). A second spraying should be given if there 
is any sign of recurrence. All dead and dying plants should be removed 
and all fallen leaves collected and burnt. Slaked lime should be sprinkled 
on the surface of the ground and lightly worked in. The nurseries should 
be kept aB open to light and air and as dry as is consistent with the well- 
being of the plants. Overcrowding and weeds should be avoided, and 
watering done only when necessary. Supplies and young clearings 
should be sprayed after removing attacked leaves, and any neighbouring 
older bushes also sprayed. In old tea, jungle and fallen leaves should 
be cleared up and slaked lime worked into the top soiKat the rate of 
5 to 10 cwt. per acre. Nitrogenous manures should be avoided, and 
those which help to produce hard wood, such as basic slag and sulphate 
of potash (or Wood ashes), used. The bushes should be sprayed and the 
spraying repeated, if necessary, at one or two months* intervals. Three 
sprayingB, in February, March, and May, have given good results in 
South India, when combined with regular destruction of diseased leaves 
and the application of lime and basic slag. 

A disease which is sometimes known in the Assam valley as “ H ” 
blight, and is considered by more than one observer to have dangerous 
potentialities, appears to be caused by the attack of a fungus allied to 
CoUetolrichum Camellia , on the younger twigs. The result is a die 
back ” or “ wither tip ” disease, of the same general type as the coffee 
twig disease (p. 483). The attack occurs at or near the tip of the twigs 
and spreads backwards to the older wood. Fructifications of the fungus 
are found in the bark in abundance before the twig is dead. They occur 
as acervuli of the Glceosporium type (that is, similar to Golletotrichum 
but without the sterile bristles amongst the spores), and are smaller and 
with smaller spores than those of the brown blight fungus. As, however, 
the information available is scanty, it is premature to express an opinion 
as to the identity of the two forms. Many, perhaps most, of the allied 
parasitic species are Capable of attacking both leaves and young twigs, 
and often do most damage in the latter position. 
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Another Gloeosporium has been found on the leaves of tea in German 
®ast Africa, and described under the name of Q . ThecB Zimin. It is very 
'doubtful if it is distinct from Colletotrichum CameUiw. 

Grey blight ( Pestabzzia Thece Sawada). — This is said to be the 
commonest leaf blight of tea in India. It was known in Assam for 
many years before the first scientific description of it was published in 
1898. Its occurrence in Ceylon was signalled in the following year, and 
it has also been reported from Java, the Caucasus, and Formosa. The 
parasite was believed for several years to be identical with P. Guepini 
Desm., a fungus commonly found on flowering forms of Camellia in 
many parts of the world, but of recent yearB has been identified in 
Java and Ceylon as P. palmarum, a widely-distributed parasite of 
the coconut. It differs, however, from both these fungi in important 
particulars.* In India, it is said to occur in all the tea districts. 

The attack begins on the upper surface of the older- and harder 
leaves as minute, brownish spots which soon turn grey. These increase 
in size and coalesce, forming patches of variable extent and irregular 
outline, which sometimes involve^the greater part of the leaf, and are 
especially conspicuous near the margins. The grey colour extends over 
the whole surface of the patch except at the growing edge, and the 
older parts may turn almost white. The margin is deep brown, forming 
a ring of variable breadth, from rV up to 1 inch in diameter, round the 
central grey part. Outside this there is often a translucent band, shading 
into the green, healthy part of the leaf. The spot early appears on 
the under surface also, but remains usually light brown on this' side, 
rarely turning to grey. On the upper surface, there may often be seen 
a series of narrow, concentric rings of alternate lighter and deeper shade, 
especially near the margin ; occasionally these may be found underneath 
also but often they are absent from both surfaces. The fructifications 
of the parasite appear chiefly on the upper surface, a few only being 
sometimes found below. They are usually most numerous towards the 
margin, where they are often arranged in curved, concentric lines ; 
sometimes they are scattered without order over the whole spot. Their 
numbers vary greatly, probably in accordance with the humidity or 

* Specimens on tea from India, Ceylon, and Formosa were compared by the 
author at Sew, in 1914, with the type specimen of P. palmarum, and with Desmasibres’ 
specimens of P. Ouepini from the type locality (Angers). The three fungi were found 
to be distinct. Subsequently (1915) Sawada published his diagnosis of P. Them, and 
specimens kindly oommunioated by him are identical with the Indian and Ceylon 
material. . 
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other climatic conditions which prevail during the growth of the spot ; 
in some well-dfeveloped. spots they are scarce or even absent. They 
vary from about 1 1 TT to £ mm. in diameter, and the older ones are deep 
black from the discharged spores, which often lie in a crust over the spot. 




Fio. 184. Grey blight of tea (Pestaloxxla Th$a ) : affected leave* from 
different localities in India. 

The old patches of diseased tissue dry up, become very thin, and break 
away easily. 

The mycelium of the parasite extends between the cells of the leaf, throughout the 
disooloured part, the translucent margin marking the area of recent extension into the 
healthy tissues. The hyphie are exceedingly fine and difficult to see, sparingly septate, 
and colourless. Underneath the upper leaf epidermis, they collect into m a sses which 
develop into bowl -shaped, thin-walled spore- cases (pyonidia), the basal wall of which as 
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•distinot, while the lateral and top walls are slonder and rather obscure. Pestalouua is 
visually placed in the Mclanoomaoeae, but, as has boon noted by sevoral observers, if the 
presence of pyonidia similar to those found in the tea parasite should prove to be general 
in the genus, it will not be possible to 
retain it in this order of fungi. 

On the inner wall of the lower half 
of the pyonidium, a layer of spore- 
bearing cells occurs. From each of 
these, a stalk grows out into the 
cavity of the pyonidium and termi- 
nates in a spore. Whon ripe, the spores 
are detaohod with tho Btalk, which 
remains as an appondage at the baso 
of the spore. At tho same time, the 
epidermis and the slender top wall of 
the pyonidium underlying it become 
raised up and thon ruptured by pres- 
sure from below, opening outwards 
in a crack of irregular (often , tri- 
radiate) shape, through which tho 
spores are liberated in such quantities 
that they collect in little black crusts 
round tho mouth of tho pyonidium. 

The individual spores nro rather 
striking objeots. They are Bpindte- 
shaped, divided by four septa into a 
row of five cells, of whioli the three 
central are dark coloured while the 
othor two form a kind of colourless 
cap at each end. From the lower end, tho jiersistont stalk on whioh the spore was 
borne projeotH as a slonder tail. At the opposite end, tho end cell grows out into throe 
(or rarely four) oolourless, thread-like appondagos (cilia) of considerable length, which 
are vory possibly an aid m securing tho dissemination of the spores by the wind. 

The whole spore measures from 22 to 30 by 5*5 to 7/a, tho coloured part being 17*5 
to 21/a long and, therefore, loss variable than the hyaline end cells. The persistent stalk 
is rigid, straight or curved to one side, and from 7 to 11/a long by loss than 1/a broad. 
The oili a are usually ah long as, or longer than the spore, and may bo up to 40/a, the 
maximum breadth at the baso being slightly over ]p, and tho freo end terminating usually 
in a blunt knob. 

The germination of the spores is poouliur. Usually only the lowest of the three 
coloured cells gives a germ-tube. It rwoIIs up, bocowos noarly round, marked by a light 
ring round the middle, and thon puts out a gorm-tube, or rarely two, from the sides. Its 
further development has not been followed. 

The blight Is said to be endemic in many gardens in north-eastern 
India. Sometimes it appears to become epidemic and spread goes on 
until nearly every bush in large plots becomes injured. In other cases 
it seems only to attack old bushes — generally the weaker ones in a plot — 
4ind go no further ; very much of the regular grey blight is,of this type. 
It usually commences on one side of a bush, very often on the same side 
of all the bushes in an affected plot, probably an indication that it is 



a. 186. Peitalozzia Th$a » : /, section through . 
pyonidium, x 160; ii, stages in develop- 
ment of the conidia. x 430; mature 
oonidia, X 430 ; germination of a oont- 
diura, x 430. 



454 


FUNGI AND DISEASE IN PLANTS. 


conveyed by the wind. It may then work round or over the bush, until 
every leaf is killed. One of the worst forms of attack is when the infection 
occurs near the base of the leaf, involving only the base and the stalk. 
In such cases, the leaf quickly withers and falls oft. It is. said that the 
bush is sometimes killed, but this seems to be doubtful. The destruction 
of leaf is, however, often sufficient to damage the bush seriously, all the 
leayes on one side, or perhaps all round the edge, being sometimes lost. 
In Ceylon, it has been reported to attaok the stem at timeB, having been 
found on stems up to one inch thick and also, more frequently, on the 
young half -shoots left in plucking. 

It is far from certain that all the injury attributed to grey blight is 
really the Work of this fungus. In particular, a serious form, seen in 
Bishnath District and elsewhere, in which, when the diseased leaf touches 
a healthy one, the two become cemented together by mycelium extending 
from leaf to leaf (as happens also in thread blight), is very possibly a 
distinct disease. In many cases, too, it seems possible that insect injury 
is responsible for certain misnamed forms of grey blight. 

Amongst the causes which predispose to attack are ?>ld age of the 
bushes ; Water-logging, or a sour, undrained soil, or the conditions found 
in deteriorated “ bheels ” in Sylhet ; and curiously enough, in the opposite 
direction, exposure on dry, bare ridges. Both in India (Darjeeling) and 
Ceylon, grey blight has been observed to be very harmful to tea in exposed 
situations, where the soil is worn and poor and the bushes wind-swept. 
Attacks ‘of “ red spider” make the leaves very susceptible, hardening 
them before their time, whereas the young and succulent feaves are not 
attacked. Over -plucking is another cause. The essential factor in all 
these cases is the weakening of the vitality of the bush due to some 
previously existing cause, at the time when infection with the parasite 
occurs. This period is said in Ceylon to begin after the early April, 
rains, but to be little marked until the onset of the monsoon, when infec- 
tion rapidly increases, reaching its height about August. But it is said 
that a good flush of leaves appears when the monsoon comes to an end, 
even on bushes previously almost denuded of foliage, and this is, no 
doubt, one of the reasons why the disease is not much feared in Ceylon. 
There is little difference in the susceptibility of different varieties of tea. 

' The treatment is chiefly in the direction of reducing the supply o£ 
infective material early in the season. By itself, it is probable that 
spraying against grey flight would not usually repay cost ; spraying 
need not be considered, therefore, except in so far as it incidentally checks 
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the disease when carried out against more serious affeotions. It has 
been suggested that in those, now comparatively rare cases, where a 
block cannot, for any reason, be pruned and cleared out during the winter, 
it may be sprayed twice with Bordeaux mixture, once in the cold weather 
and again in a spell of fine weather in April or May, to check blights 
generally. 

In most cases, nothing more is needed than clean pruning, together 
with the collection of all diseased leaves. The prunings and leaves should 
then be burned or thoroughly buried. Removal of blighted leaves may, 
if necessary, be continued through the spring, and there are cases on 
record of successful action during the plucking season, the pluokers having 
been provided with separate bags for blighted leaves, which were paid 
for at the same rate as the leaf for manufacture. Early action is, how- 
ever, most important ; if nothing is done until the middle of the season 
and the bushes are then seriously infected, there is little hope of success. 

Much of the grey blight seen is, undoubtedly, a symptom of weakness 
from some other cause, and the best treatment is often to search out this 
cause and remove it as far as possible. 

In a peculiar form of leaf disease found in certain parts of Assam, 
both Colletotrichum Camellia and Pestalozzia Them seem to combine to 
cause the injury, which is known as “ rim blight.” The leaves wither and 
shrivel round the edges, the decayed portion being chocolate -brown in 
colour and quite brittle, so that it crumbles away, leaving the margins 
corroded m a characteristic fashion. This progresses until the whole leaf 
withers. It spreads faster than the cases of infection by either fungus 
alotie, but is said to be rather a spectfal blight of certain varieties of tea. 
It has also been recorded in Ceylon. 

It is said that the tea Pestalozzia is identical with one which causes 
a common loaf spot on Hevea. In view of the inaccurate determinations 
of the identity of the former, it is evident that this requires confirmation. 

A good many years ago a leaf disease of tea in Cachar was attributed 
to the attack of a fungus named Hendersonia theicola Cke. More recent 
examination of the specimens preserved at Eew have, it is stated, shown 
that this is only an immature or poorly-developed form of Pestalozzia. 

Leaf spot (Cercospora Thece van Breda). — It is very common, 
towards the end of the season, to find the leaves of tea, in the north-eastern 
districts, bearing the small circular spots caused by this fungus, but 
without any appreciable damage being caused to the bush. It was 
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first described in Java and is also known in Ceylon, in both cases being 
considered of as little importance as in India. 


The older leaves only are attacked. Little reddish-brown spots 

appear, which rapidly 
penetrate the leaf and 
show on both surfaces. 
They spread but little 
laterally, usually not 
exceeding 2 or 3 mm. 
in diameter, this limi- 
ted growth being in 
strong contrast to the 
other leaf fungi pre- 
viously described. 
After a t'me, the 
centre of the spot dries 
up, becomes very tlun, 
and tun*> white. It 
then often falls out, 
leaving a clean-cut, 
circular hole, similar 
to the well-known shot hole disease of many temperate fruit trees. 



Fig. 186. Shot hole of tea (Ctrroapora Then ) : leaf, x 1J ; 
conidiophores and conidia, / 430. 


The mycelium of the fungus is entirely innuem-d in the leaf, only the fructification* 
appeanng on tho surface These consist of densely crowded bundles of umidiophorog 
which emerge through the stomata of the under surface of the loaf The conidiophnroB 
are short, with tho angular bends in tho sides commonly found in f’ercospora, Helnimtlios- 
pjnura, and allied genera, and smoky-brown in oolour They bear long, slender, blunt- 
ended conidia, up to 120 by 3 with 5 to 10 or more cross septa, and of a very light 
brown colour. These fall off leadily 

No case has yet been recorded where treatment was required. 


Thread blight (sterile mycelium). — Although the remarkable 
disease known by this name has been under observation for many years, 
the exact nature of the parasite Which causes it is still obscure. It is 
referred to in the Proceedings of the Agri-Horticultural Society of India 
n July, 1868, and is hence one of the oldest known tea diseases. Still, 
it seems to be confined to India, as it is exceedingly doubtful if the 
somewhat similar diseases which have been described in Java and 
Ceylon are really thread blight. > , 

It occurs in all the north-eastern tea districts, and is said to be by 
no means confined to tea, but to exist on a large number of jungle and 
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cultivated plants in Assam, amongst those mentioned being bamboos, 
Dittenia Mica, Eriobotrya japonica (the loquat), Achras Sapota (the 
sapodella), and mango, as well as the common hedge plant, Duranta. It 
is necessary to bear in mind, however, that there are probably several 
distinct fungi likely to be mistaken for thread blight, and that, as they 
are ordinarily sterile, it is only by inoculation experiments that the range 
of hosts of any one species can be determined. It has been reported, 
for instance, that infected leaves of Dillenia Mica can communicate the 
blight to tea, and experiments with other plants might usefully be made 
so as to get an accurate list of those on which the fungus can live. Ferns 
and herbaceous weeds growing in contact with affected bushes become 
attacked by direct extension of the parasitic mycelium from the tea. 

The attack becomes visible in the early part of the season by the 
appearance of white threads or strands of fungus tissue, which pass along 



Fio. 187. Thread blight of tea : affected shoot showing mycelium on stem 
and under surface of leaf on left, x {. 


the branches and spiead out into fine, web-like films on the under surface 
of the leaves. These threads appear to arise frequently from the older 
wood, and ascend the younger branches to reach the leaves. Later on, 
it is common to find the mycelium starting from the outer part of a bush 
and passing down the twigs to the first fork, when it usually turns up 
again. Lateral spread occurs freely wherever the leaves or twigs are in 
d'rect contact, the mycelium sometimes binding the parts closely together ; 
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in great humidity it may even cross spaces up to quite half an inch. 
Rapid spread is always in the form of the white mycelial strands, the 
leaf films being of' slower growth and seeming to serve chiefly for nutri- 
tion. Under ordinary circumstances, the white strands, though soft, 
are firm and smooth on the surface, but in very moist air they become 
fluffy and of a consistency resembling cotton wool, while the diameter 
increases considerably. At the base of a petiole or branch, they often 
enlarge to form a sort of cushion. On the leaves, too, there are sometimes 
condensations into thicker masses or strands, here and there, in the films. 
Below the smooth-barked portion of the younger stems, the fungus 
becomes difficult to trace. Distinct strands can be often found as far 
down as the junction with the old wood towards the centre of the buafb, 
but are rare on those main stems not removed in heavy pruning. A 
common condition, where the disease is of long standing and attempts 
have been made to cut it out, is to find an old, pruned -back stump, 6 to 12 
inches in length, itself free from fungus, though often stripped of bark 
from a previous attack, and, arising from it, a number of infected 
young shoots. On the leaves, the film ordinarily arises from the base 
and spreads out fanwise at first. When the margins are reached, growth 
is sometimes continued around them to the upper surface, but direct 
attack on the upper surface has not been observed, and the growth here is 
always limited and does no apparent harm. On all green parts, the 
threads and films of the fungus can be lifted off without difficulty 
when wet. 

The effect on the leaves is that browning and death of the leaf cells 
sets in, some time after the film spreads out on the under surface. This 
effect is, for a time, sharply limited to the part covered by the fungus, but, 
especially when the attack begins from the base, the rest of the leaf soon 
withers, and it falls off. It is often held for a time by the threads which 
join it to the twig, and one of the most striking appearances seen in this 
disease is the mass of hanging leaves, suspended, rotting, by white 
threads in the middle or at one side of the bush. 

The rapidity with which leaves become brown and rot, when the 
fungus appears on their under surface, is striking. As there is no 
penetration of the tissues, it has been suggested that this effect is 
produced by stoppage of the orifices of the stomata by Ihe film. 
That this is not the explanation is, however, proved by the local rotting 
produced when even a small patch of the leaf surface becomes covered, 
and also by cases where a green herbaceous stem of some weed is attacked 
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and turned brown at one point in its length, where it touches a diseased 
leaf or twig, the parts above and below remaining green for a while. In 
these cases, the mechanical coating of the surface can do no harm, as the 
air spaces communicate freely with unaffected parts. There Reems to 
be no reason to doubt that the fungus obtains its nourishment from the 
browned parts, even though it does not penetrate them , such cases are 
not common, but there are several which are hard to explain in any 
other way. The actual feedmg process may be by osmosis through the 
walls, but nothing is known of its details. 

The myoelium oonhiHts foi the most part of long slender Hpanngly branched hyph®, 
of uniform size 2 to 3/a in diameter When tl ev tomwitrato m little cushions or strands 
on the leaf the structure is as follows 1 lie 
outer surface in composed of long, septate 
hyphee lying mostly parallel to one anothoi 
and with numerous damp cornu etions and 
anastomoses Some filaments turn up into 
the air when la pt vory damp causing the 
surface to look fluffy Further m, the den 
sifcy increases the hyph® lying more cl oho] \ 
together and being somewhat thinnei Tn 
direct contact with the leaf the structun 
changes The innermost hyphai gm out 
numerous short branches who h irtoi nungh 
to such an extent as to give almost a collulai 
(pseudoparenohyrnatous) stiucture In thi 
oldci cushions md strands, the suifatt 
consists ot a dtnse laytr of branched hypha Fia 188. Thtead blight of tea atruc 
with numerous anchor oells like the sc of i h< ture of a mycelial strand from a leaf, 

cobwob disnsf ol (.ofTii (p 486) In fh 

inner layers the branches arise elm fly from one side only of the hypha, and are 
very varied in sire and shape, from mere lateral pouches m the wall, to forked 
filaments which may unite by anastomoses with neighbouring branches The filmy part 
of the mycelium consists of a very fine uniform, web like layer of hyph® No traco of 
penetration of the epidermis has been doteotod, and the fungus can be lifted off when wot 
without breaking it It seems probable that the peculiarly branched, inner layer des 
on bod above forms a sort of holdfast or approhsoual la\ or, though the cuticle does not 
seem to bo indented or marked by its brandies On the petiole and green part of the 
stem, 4ho strands am oomposod of hyph® similar to those of the outer layer on the leaf 
described above, and entirely superficial Low< i down, howt \ er, the tungus enters tho 
tissues of the stem Thur ooramenoos sometime* immediately after cork formation begins 
The outei colls of the cortex, external to tht cork cells, dry up and art icadily penetrated 
by tho hyph® Branches pass down through the oork layer, which as afreadx mentioned 
under red rust (p 417) is not continuous wheh first formed, and accumulate m tho cortex 
below the young oork The result is tho gradual destruction of all the tissues 
external to the hyph® The outer bark splits m longitudinal strips, which at first 
gape, then roll up and separate off New cork is formed deeper in, and the process is 
repeated, until the bark is often entirely destroyed and the wood exposed Tho hyph® 
have been traced as far in as the oambium The extent to whioh the injury to thfc stem 
is responsible for the damage oaused by thread blight is not known . it is probably not so 
great as in rod rust, but the latter is a notable warning of the very senous injury which 
can be produoed by a similar form of attack. 
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No frooiifioation is known in this fungus. The examination of dried specimens sent 
to England in 1898, led to the belief that a little, reddish, club-shaped fungus found on 
twigs attacked by thread blight, was the reproductive stage of the latter. It was named 
Stilbum nantam Massee. Further investigation of living material in Assam has shown 
that the mycelium of the Stilbum is distinct from that of thread blight, and that eaob 
fungus commonly occurs without the other. It is now generally accepted .that the thread 
blight fungus is probably a Basidiomyoote, as suggested by the olamp-oonneotions and 
its resemblanoe to a group of forms of considerable interest as plant parasites, the most 
notable of which is Corticium Koleroga on coffeo. In Java, a very similar tea parasite 
has 'been named Cotricium Thea Bern., but is dosoribod as being pale rose-ooloured on 
the leaves and sometimes also on the stems and as not penetrating the cortex of the 
latter, and is, therefore, probably distinct. In Ceylon, a disease oansed by a species of 
Crepidotus, and characterised by the formation of white strands on tho leaves and twigs, 
has been described on the nutmeg. This funguN belongs, however, to quite another section 
of the Basidiomyoetes than Corticium, and from the description and illustrations published 
it appears to be different from thread blight. Still it has also been found on tea twigs 
on a few oooasions, and is apparently believed in Ceylon to be identical with the Indian 
disease. 

Infection occurs, so far as is known, only by leaves or twigs carrying 
the fungus being blown from diseased tea or from the jungle. The latter 
is said to be very common. At one time, it was suggested that soil infec- 
tion might also occur and the fungus grow up under the bark to the 
younger wood, but attempts to produce the disease in this runner failed. 
In such cases as appear to be examples of infection from the ground, it is 
probable that some of the previous year’s mycelium has remained in the 
older stems not removed in pruning, and has started afresh on the new 
shoots that arise from these stems. In newly-infected bushes the start 
from a foreign leaf somewhere in the periphery of the bush can sometimes 
be actually seen. This accounts for the sporadic nature of the cases, 
which are generally scattered on odd bushes here and there and not in 
definite patches. Such patches are only found sometimes in the neigh- 
bourhood of jungle where there is much blight, and every bush is liable 
to infection from without. 

Unlike red rust and Beveral of the other disease of tea, this blight 
is not more prevalent on unhealthy or weakly bushes. The only pre- 
disposing causes reported are excessive shade and high atmospheric 
humidity. 

The treatment usually adopted is to cut out all the parts affected, at 
i he p:Uning season. Since this has been generally done, the blight, which 
sometimes used to be found on from 20 to 50 per cent, of the bushes in a 
block, has ceased to do much damage. It is important to burn the 
affected parts, as the mycelium goes on growing for quite a long time 
after removal from the bush, if kept moist. It is even said that buried 
primings have conveyed the disease to the roots, but this is certainly rare. 
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The cutting out is ordinarily* done at pruning time, which is infi- 
nitely the most convenient time for doing it, but not necessarily the most 
effective. Probably less would be missed if the bushes could be gone 
over fairly early in the rains, when the white threads are found running 
up single shoots from the older wood. These cases are not dealt with 
until December or January, by which time much of the bush may be 
affected and severe cutting necessary. 

In some gardens, the affected bushes are left alone in the general 
pruning and stand up conspicuously ; they are then gone over by 
experienced men and all diseased wood removed. 

The excellent results obtained by painting with fungicides such as 
hme and sulphur, after a moderately hard pruning which removes the 
diseased leaves and smaller twigs and opens up the heart of the bush, 
have led to this, method being widely used. The lime and sulphur mixture 
is prepared by slaking 7£ lb. fresh quicklime with water, then mixing 
with this 2.J lb. sulphur, then adding enough water to make up to 
10 gallons, and finally boiling m an iron vessel until the liquid becomes 
orange in colour. It is applied to all parts of the stem that show signs 
of disease, with a brush or swab of any convenient material. The exact 
way in which this acts is worth examining, as it would appear that the 
part of the fungus on the oldei twigs under the bark ought to be out of 
reach of any direct-acting substance. Possibly the wash still adhering 
to the bark when growth is renewed and the strands appear at the surface 
is sufficient to kill them. In certain cases , v bushes have been found in 
which practically all the young shoots from a cut-back stump were 
infected by growth which clearly started from within the bark of the old 
stems, though these still bore traces of the lime and sulphur mixture 
applied some seven months earlier. 

In the majority of cases where the disease is taken early, cutting 
out alone is often sufficient. Where, however, it has got a good grip of 
the bush and cutting out completely means much mutilation, the lime 
and sulphur treatment is said to have great advantages. 

Sooty mould ( Limacinula Them Syd. & Butl.). — In tea bushes 
infested with scale insects, a black fungus, related to that already described 
under sugarcane (p. 411), is often found. Like the latter, it grows in 
the sugary secretion (“ honey dew ”) of certain insects and only accom- 
panies these insects, disappearing when the plants become free from 
them. The injury caused by the sooty moulds is slight, and entirely 
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restricted to interference with the proper lighting of the cells. Their 
dense, black structure reduces the amount of light reaching the chloro- 
phyll, and consequently diminishes the activity of the latter in manu- 
facturing food. 


The species on tea in Darjeeling is a distinct one, not hitherto known 
elsewhere. Whether the same species occurs throughout the tea districts 
is not certain, as those forms previously examined have been named 

Capnodium Footii B. & 



Desm., a name which pro- 
bably covers a number of 
different species. 

The Darjeeling sooty 

mould forms a black crust on 

the upper surfaces of the 

leaves and on the twigs 

(Fig. 189, 1). This crust 

is membranous for the most 

* 

part, but in places thickens 
into rather woolly masses, 
largely composed of various 
kinds of fructifications. 

Tho myoolmm is purely super- 
ficial, and oonmstn of dark brown, 
septate hyph» from which arise, 
lieie and there, clusters of blaok, 
spine-like ha'irs, pointed at tho top, 
and measuring up to 130 by Hfi 
(Fig. 189, 3). Conujia are borne 
on lateral branches of the myoeli- 
um, and bolong to the type of the 


Fio. 189. Sooty mould ( Umaeinula Thea) and 
black blight (Aaterina Camellia*) of tea: /. 
small leu and twig with sooty mould, xj; 2, 

K cntdia and pyonospores of same ; 3, a sterile 
ir from the mycelium of same ; 4, a perithe- 
cium of same with asci ; 5, an asoospore ; G, 
leaf with blaok blight, x } ; 7, a perithedum 
of same underneath a network of broad byph® ; 
8, aecus, and 9, asoospore of same. 


imperfeot genus Triposporium, each 
spore being composed of 4 radiating 
arms. In tho woolly parts, pyoiu- 
dia are found in groat numbers. 
They Are of two kinds ; some long 
(up to 30 Ojx), slender, and slightly 
swollen in the middle (up to about 


22/u across) ; others short and 


broader, about 80 by 80 fi in diameter (Fig. 189, 2). Both forms oontain numbers of very 
small, colourless, short, cylindrical spores, 2} to 3 by 11/* in diameter. Peritheoia are 
less oodtmon. They are spherical or somewhat flattened, 100 to 225 f* in diameter, with 
a mouth in the middle of the free side, and oontain ovoid, 8-spored asoi with very 
short stalks (Fig. 189, 4). The spores are oblong, rounded at the ends, hyaline, and 
divided by long as well as qross septa, generally 5 of the latter^ and one of the former 
{Fig. 189, 6). They measure 25 to 83 by 9 to Uf*. 
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. The treatment is to free the bushes from the insects (generally scales) 
with which the fungus is associated and for the presence of which it often 
serves as a useful warning. 

Blaek blight (Asterina CameUiaj Syd. & Butl.). — This black leaf- 
fungus differs from the last in that it is not associated with insects and iB 
probably parasitic, though mostly superficial. It is also of more limited 
growth, not extending over the whole leaf as sooty mould frequently 
does. It has been found in Assam only, and seems to be uncommon and 
practically harmless. 

The fungus* forma very umall, radiating cruHtw (Fig 189, 6‘), united in patches of 
irregular shape by a loose network of largo, dark, reddish-brown hyphse, whioh lie on the 
crusts and extend across from one to another (Fig. 189, 7). These hyphre urn 0 to 1 2ft 
broad and thoir branches arise often in pairs on opposite sides of the hypha but sometineg 
arc alternately on one side and the other. Other alternately situated, knob-like pro- 
trusions, known as hyphopodia, also occur, being nearly round or sometimes tn-lobed 
and 12 to 10/* broad. The radiate orusts are perithacia, up to 340/* in diameter and 
opening when ripe by radiating oracks (Fig. 189, 7). They contain a small number of 
ellipsoidal asci, measuring 70 to 100 by 25 to 35/* and containing, appaiontly, eaoh 8 spores 
(Fig. 189, 8). The spores are long elliptical, brown, unseptato, deeply constricted at the 
septum, with slightly unequal cells and rounded ends (the lower sometimes obtusely 
angular), and measure 30 to 40 by 10 to 18/* (Fig/ 189, 9). 

Canker. — This is perhaps the most important tea disease left 
for investigation. Nothing is known of its cause, not even whether 
it is due to a fungus. In some cases, the ‘stem cankers caused by 
red rust have been confused with it ; in others, it seems to be 
associated with certain insects (scales) and perhaps a mite. It 
is found in Assam, the Duars, and the Wynaad, and has been 
known for a good many years but iB probably increasing. In Cachar, 
where it is a serious disease, it is said to be worst on deteriorated 
“ bheels ” ; elsewhere it is found chiefly in badly drained land. It 
does not seem to be known outside India. It occurs on the stem 
and twigs, causing swellings and cracks in the bark and, ultimately, 
open wounds down to the wood (Fig. 24). These wounds may ring 
the larger stems and kill all the parts above. 

No parasite has aB yet been found constantly associated with the 
disease, and though it was formerly stated to be allied to the well-known 
canker of fruit trees caused by Nectria ditissima in Europe, this appears 
to refer to only one form of it, prevalent especially in Darjeeling. The 
Nectria in these cases is more closely allied to N. cinnabarina. 

The only treatment known is to cut out all the diseased wood at 
pruning time. 
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Seedling disease. — A disease of young seedlings has been signalled 
on several occasion in India, Ceylon, and Java. The appearances are 
so characteristics and similar in the three cases that the cause is probably 
identical in all. 


At the base of the stem, at or a little above the soil level, the stem 
tissued becomes diseased. The bark is killed in a ring 
round the stem, J to 1J inch broad and extending 
in to the surface of the wood. In some caseB, the 
injury seems to go further and the plants die rapidly, 
probably from the wood becoming involved. This 
occurred in the Java cases reported, and apparently also 
in many of those in India. In others, as in Ceylon and 
some of the Indian cases, the wood is not at first injured 
and, as a result, while the stem above the wound con- 
-/pifcvL. tlnues to increase in thickness, that below, cut off from 

m the descending food supply, remains unaltered, or even 

diminishes at the level of the injury from collapse of 
th^ outer layers. Death does not imme^iatelj’’ ensue, 
as the water and food supply to the upper parts is not 
interfered with and the roots are able to maintain their 
activity for a time, even though starved. At the 
upper limit of the injured part, a prominent ring of callus 
appears, a condition which is the normal result of a ring- 
ing wound down to the cambium in such a stem. This 
callus may sometimes be prolonged over a part of the 
wound, causing the site of the latter to appear much 
thickened. From it, roots have been observed to arise. 
In those cases where the attack rapidly involves the 
wood, new branches may spring from below the seat of injury, and 
either replace the killed primary shoot or sre themselves killed off in 
turn. 



Fig. 190. Tea 
needling disease 
(diagrammatic). 
(After Hope and 
Carpenter). 


Both in India and Java, the original cause of this disease has been 
assigned to alterations of high humidity and great heat. The conditions 
were most closely examined in India, and it was found that the disease 
occurred in a season in which there was, first, a long drought with con- 
siderable heat towards the end, then, continuous heavy rain for about a 
fortnight, and then, several extremely hot days/ {hiring these, the disease 
became evident. No parasite was detected, the roots were quite normal, 
and the whole trouMe was attributed to the climatic changes. In Java 
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aud Oevlon, on the other hand, a fungus has been found in the diseased 
parts and is considered to be the direct cause, Java opinion holding, in 
addition, that abrupt climatic changes prepare the way for the attack. 
Further study is, therefore, necessary, before the factors concerned in 
this disease can be assigned their true worth. 

As precautions advisable in Upper Assam to check the loss of seed- 
lings from this cause, it has been recommended to plant the nursery 
earlv, so as to allow the seedlings time to establish themselves ; to supply 
shade, and water, in view of an early and prolonged drought ; and to 
remove adhering earth round the base of the stem, when weeding the 
plantation. 

Tea seed mould. -It is a common experience to find the inside of 
the mature tea seed affected with a mouldy growth, while the surface 
appears sound. The mould is found usually on the rudimentary coty- 
ledons, sometimes without causing much apparent damage, sometimes 
reducing the cotyledons, and even the embryo, to a shrivelled mass. In 
such cases, the value of the seed is greatly lessened, owing to the high 
percentage of failures to germinate. 

The moulds found are common species. Penicillium and the dike, 
scveial of which are similar to those so often found causing the decay 
of npe fruit. . These may be looked on as very weak parasites, 
able only to attack cells gorged with sugary juices or otherwise of low 
vitality. 

It was long a puzzle how such moulds gained access to the inside 
of the seed, and how they were able to grow there, supposing that the seed 
was healthy to start with. A very reasonable explanation has now 
been found. A large sucking insect, Poecilocoris lahi*, has been observed 
to live on the juices of the tea fruit, which it obtains by deeply punc- 
turing the rind by a special apparatus in the beak. Both immature 
and ripe^ fruit are thus attacked and the juice sucked out, often 
without, in the former case, preventing the seed from continuing its 
development. When the beak is withdrawn, no doubt a little moisture 
from exuded cell sap remains at the puncture. Air-borne spores 
falling in this would readily germinate, and their germ-tubes very 
likely grow down the wound to the inside. Here they would 
encounter cella weakened by the loss of sap, or even sometimes killed, 
and would be able to thrive according to the extent of the injury. 
To test this, a large number of these tea seed bugs Were fed on unripe 
fruits and the seed subsequently examined. All those opened were 

B, DIG 30 
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found to contain fungus, in most cases at the expense of the proper 
contents, which were reduced to shrivelled remains, but sometimes only 
in a small, well-defined patch on one of the cotyledons. Seeds of the 
latter type would doubtless have reached maturity and have appeared 
perfectly sound from the outside. 

Since this view was suggested, the insect is regarded as a serious 
pest in seed gardens, and measures to collect and destroy it have 
been recommended. 

Coffee berries are said to suffer in a similar manner, and it is 
suggested that an allied insect, Bagrada jrictu , may be responsible. 



CHAPTER XIII. 


COFFEE. 

{Coffeo spp.). 

The diseases of coffee in India are even less completely known than 
those of tea, if we except one or two of the commonest and most des 
tructive. Thus no root disease has been fully investigated, though at 
least two serious maladies of this type occur in southern India. No 
stem diseases have been described, though one has caused a considerable 
amount of damage in the Nilgiris, and others are known to attack coffee 
commonly in neighbouring countries and probably occur in India. 
Even with regard to the leaf diseases, which are better known than any 
other class on this crop, we have to turn for much of our information to 
work done in other countries, and the local conditions which influence 
these diseases, and even their distribution in the different coffee districts, 
are not as a rule recorded and seem to have been little investigated. 

Yet coffee is the classical example of the ruin of a planting industry 
through an epidemic disease of cryptogainic origin. After the middle 
of the last century, it was, for a time, the mainstay of the prosperity of 
•Ceylon. The production about 1870, towards its maximum, was nearly 
850,000 cwt., worth on the spot about four millions sterling. A year or 
two’ prior to this, a fungus had been observed on the leaves, which was 
new to the planters and, as it proved, new to science also, and somewhat 
of a scientific curiosity. It spread with great rapidity, and by 1872 was 
recognised to be doing considerable damage. How great the damage 
was, may be judged by the fact that in the ten years following its appear- 
ance, it has been calculated that it caused a loss of from 12 to 15 million 
sterling, and reduced the average yield per acre from 4$ cwt. in 1870 to 
less than 2 cwt. in 1878. Owing to the opening of many new estates, 
the total export remained considerable until after 1880, but then rapidly 
fell off, in 1884 being 176,000 cwt. only. Coffee planting had ceased 
to be profitable ; the area under the crop shrank rapidly ; and though, 
.on its ruins, the present flourishing tea industry of the colony arose, the 
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economic dislocation was, for a time, the cause of much hardship to the 
planters and much uneasiness to the Administration. 

Rust or leaf disease ( Hemileia mstntrix B. & Rr.) —The coffee 
leaf disease was first noticed in Ceylon in 1868. The following year it 
was recorded in Mysore. It was found in Sumatra and Java in 1876, and 
reached the Fiji Islands about three years later, coming, it is said, direct 
from Ceylon with a box of coffee seeds. It was probably in Natal about 
1878, Mauritius about 1880, Reunion in 1882, and the Philippine Islands 
in 1885. It has been in Madagascar since at least 1886, but is stated to 
have been really introduced in 1872 or "3 by a Ceylon planter who came 
to examine coffee growing in that Island. It was found in Tonkin in 
1888, and reported in Malaya and Borneo in the same year. In 1894, 
it was in Samoa and reported from German East Africa, but has since 
been found on old leaves of Coffea arabica collected in the latter colony 
in 1885 and there is no reason to believe that it may not have been in 
east and central Africa as long as the species of Coffea found wild and 
bemi-wild in that part of the world. It now occurs in most colonised 
parts of east and central Africa, including the Congo, btf* has not yet 
been signalled from the West Coast. The New World as a whole is free 
from it, and also, apparently, Australia and Hawaii, but the New Hebrides 
and New Caledonia have only recently been reached — the latter in 1910 
or ’ll — so that extension is still going on. 

The origin of the disease in Ceylon has given rise to much discussion. 
Some have believed that it came from Coffea travan core mis or C. libertca : 
but, as regards the latter, the fungus has not yet been found on the West 
Coast of Africa, whence this variety originated ; while if endemic in South 
India and Ceylon, the home of the former, one would expect the disease 
to be known in these areas at an earlier period in the history of their 
coffee cultivation. Others suggest that it may have spread to coffee 
from aome jungle plant. Several other species of Hemileia have, in fact, 
been since discovered on various plants, and some of them are scarcely 
distinguishable from H . castatrix. This possibility cannot, at present, 
be entirely excluded, but attempts in South Africa to infect coffee with 
species such as H. Woodii from Vangueria infausta, and vice versa, have 
entirely failed. Further, the only closely allied species so far found in 
India is H. Canthii, which is not uncommon on leaves of Canthium in 
Mysore and also occurs in Ceylon. If the coffee parasite came from this 
plant, it is difficult to explain its tardy appearance, a good many years 
after ooffee growing had been undertaken. It is, perhaps, most probable 
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that H. vastatriz is endemic in some of the countries of origin of the 
cultivated varieties, as has been suggested to be the case in east and 
central Africa, where it has been discovered on the native plants of 
C, robu8ta found in the Victoria Nyanza region and elsewhere, and aUo 
on a wild or semi-wild species of coffee in German East Africa. Though, 
in the latter case, the fungus was first described as H. Woodii, re-examina- 
tion has shown that it cannot be distinguished from H> vaxtatruu, and 
there is no evidence that any other Hemileia occurs on coffee. It seems, 
therefore, reasonable to suppose that the rust, originating in Africa, has 
spread, as so many diseases have, through human agency, by the trans- 
port of living plants or other contaminated material from one district 
to another, and ultimately crossed the ocean to Ceylon. 

The disease is confined to the leaves as a rule, only rarely being found 
on the fruits and, perhaps, near the tips of very young branches. The 
first symptom is the appearance of small, yellowish spots, a millimeter 



Fig. 191. Coffee leaf disease (HtmiUia wutalrix) : 1, under surfaoe of 
atfeoted leaf, X 1, section through same showing mycelium, 
hauatorla, and a spore-cluster : 3, a spore cluster seen from below ; 

4, a uredospore ; 6, germinating uredospore ; 0, appressorial swell- 
ings atitlps of germ-tubes; 7, infection through stoma of leaf ; 8, 
tefeutospores ; 9, teleutospore germinating with promycelium and 
sperldia; 10, sporidia and their germination. [3 after Zlmmermann, 

* 3 after Delacroix, 4-10 after Ward). 

-or two in diameter, on the under surface of the leaves. As the spot 
enlarges, the colour becomes more intense, and when it is about 3 mm. 
in diameter, the surface becomes covered with an orange powder com- 
posed of the spores of the parasite. The spot may enlarge subsequently 
up to 1J cm. (Fig. 191, 7). On the upper surface there is no discoloration 
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at first, but, later on, livid or brownish patches appear in corresponding 
situations to the spqts below. At a late stage, the centre of the spot ou 
the under surface becomes grey or brown, the margin alone remaining 
yellow. The orange spore-powder is not found on the upper surface. 
The spots remain rounded for the most part, but the temporary check 
caused to their growth by the veins of the leaf, and also the union of 
adjacent spots, often lead to irregularity" in shape. When the attach 
is severe, the whole leaf may turn brown and dry up. 

The attack usually sets in soon after the advent of the south-west 
monsoon, and the worst damage is usually caused, in South India, during 
the rains, though an attack in the dry season (December January), which 
has a deleterious effect on the ensuing blossom, sometimes occurs. The 
young leaves may be attacked as soon as they appear, but as there is a 
period of some 14 days’ incubation before the spores develop, the youngest 
leaves show no sign of the fungus at first. Mature leaves are less readiH* 
infected than the young. Plants of all ages are attacked, even seedlings 
in the cotyledon stage. 

In bad attacks, the diseased leaves are shed in quantity. In the 
Philippines, it has been recorded that the branches of infected trees onlv 
kept 2 or 3 pairs of leaves instead of the usual 6 or 8. In Ceylon, it has 
been similarly observed that sound leaves remain on the trees for 18 to 
20 weeks or more (Java observers say for as many months), while leaves 
with numerous spots of disease fall in from G to 11 Weeks. 

The injury caused to the bush at the first attack is usually not very 
considerable. The assimilatorv function of the affected leaves is intei - 
fered with, with a consequent reduction in the nutrition of the bush. 
Further, an attempt is made to put out new leaves to replace those lost 
from the disease, and this throws an extra strain on the bush. The 
result is a diminution in the crop for the time being ; but the parasite 
disappears so completely at certain periods, and ip certain districts the 
bushes, when relieved from its influence, so readily put forth new growth 
and bear considerable crops, that in the earlier days confident hopes were 
entertained that the mischief would soon entirely pass away. These 
hopes were doomed to disappointment. It was found that sooner or 
later, if the locality were favourable to the activity of the parasite, the 
attacks recurred ; many of the bushes, particularly the older and less 
vigorous, became unable to mature their crpp, the berries remaining 
small and often failing to ripen ; the stronger bushes were gradually 
weakened by recurring attacks ; and the total crop progressively fell away. 
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In some cases, even the first attack had disastrous results ; in the 
Philippines, a reduction to 35 per cent, of the estimated crop 
occurred a few years after the first outbreak, and by 1890 the 
industry had practically ceased to be profitable, while in New Caledonia, 
some plantations reported a loss of half the crop in 1912, a year or two 
after the disease appeared. The more typical experience, however, 
appears to be that of Java, where the attack was slow and progressive 
and seems to have reached its maximum in the early years of the 
piesent century. The average annual yield in the Government plant 
ations fell fiom about 60,000 tons between 1879 and 1883, to about 
40,000 tons between 1884 and 1888, and the fall continued, the total 
crop in 1908 being less than one-third of the yield formerly obtained. 
It is, indeed, fairly certain that the industry was only saved from 
uttei destruction by the introduction of the newer resistant varieties 
ot ooflee to be mentioned below. It is difficult to obtain any estimate 
ot the losses caused m India ; in certain localities coffee cultivation 
lias been almost abandoned, but, on the whole, it seems doubtful it 
the epidemic equalled in severity that in other countiies ; leaf 
disease rarely kills the bushes and the Iohs of crop varies greatly 
according to the locality, the* nature of the season, and the age and 
vigoui of the plants. 

Tin* iumI is usually found in th( uredn stage only Tolcutosporcs haw* been din 
uncled m Ceylon, but thoj appear to bo rarely produced and haie not been encountered 
m other countries, except in the form on a wild species of coffee in German East Afnou 
The flpcidial stage, if there be one, m unknown, for though an Afrulium occurs on coffee 
in Mysore, it has probably no connection with Heim It in Thoro is abundant evidence 
tlmt t Ins stage m the life-history of the lungus is no more essential than in many other 
rusts, notablv Puccinxa tnlictna and the other wheat lusts in India 

The mycelium is found in the discoloured spots only, minifying in the form of model- 
atelv thick, usually colourless liyphee between the cells of the leaf parenoh.y 111 a (Fig 191, 2 ) 
Si pta arc.) found at long intervals, and haustoua penetrate the cells as little swollen sats 
communicating by a narrow tube with the* mycelium outside. The coll contents are 
altuied, tho chlorophyll fades, and the protoplasm and its inclusions become oollooted 
into a brownish mass or sometimes o\en disappear, to la* replaced at first by sap and 
then by air 

Tin* hyphre, aftei a time, collect into masses in the air spaces below the stomata on 
the under surface of the leaf, and bundles of closely-adherent stalks emerge from these 
masses, through the stomatal openings, to the surface of the leaf. Each stalk swells up, 
soon after it emerges, into a hyaline enlargement, which is cut off by a septum at the 
narrowed base (which forms a kind of pedicel or stengma) and becomes a uredospore 
New spores bud off from the stalk lower down.^EAch stalk thus produces seyeral spores 
attached by short stengmata to its tip, which may bo somewhat swollen to oan^r them. 
As age advances, the stalks booomc less di-tinct one from another, and form a compound 
column, at the end and sides of which a densely -crowded mass of sterigmata carry the 
spores m a head (Fig. 191, 2-3). The sjwree themselves are at first roundish, hyaline. 
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and smooth-walled ; then become elongated and in shape something like a shallow 
segment of an orange, triangular but with broadly rounded comers in cross-section 
(Fig. 191, 4). The outer side is convex, the inner surface often concave lengthways and 
convex from side to side but sometimes almost plane. This is, in fact, due to mutual 
pressure of the spores, and henoe varies according to their position in the cluster. As they 
mature, the contents turn orange-yellow, while the wall remains hyaline and is provided 
with prominent warts on the oonvex outer face, those at the edges being longer than the 
rest. The spores measure when ripe 30 to 40 by 27 to 30/*, and Boon become detached 
from their stalkB. 

The uredospores germinate readily in water, after an immersion of Borne hours 
(Fig. 191, 6). Two or three germ-tubeB are usually formed, the wall being furnished with 
3 to 5 germ-pores. The germ-tubes early turn orange by the passage into them of the 
contents of the spore, and are often provided with short branches. Appressoria are 
formed at the ends o! the germ-tubes, sometimes out off by a septum, sometimes not 
(Fig. 191, 0); and infection takes place by an infection hypha from one of these appressoria 
penetrating a stoma to reach the interior of the leaf (Fig. 191, 7). Owing to the scarcity 
of stomata on the upper surface, infection usually oocurs underneath, where thoy are 
numerous; to infect the upper surface it is necessary to romove tho epidermis first. 
This is ono of the roasons why young leaves are the most vulnerable ; while they ate 
still inrolled, their under surfaces are more liable to be wotted and are also more easily 
roaohed by the spores. The extension of the mycolium is also more rapid within young 
leaves, owing to their tissues being softer and less resistant than those of older leu\es. 
It has been found that if the loaf is kept too wet, approsBorie are not formed and infection 
fails, the gorm-tube remaining narrow and giving a long, branching hypj^a, which crosses 
the stomata without entering ; but if the water dries slowly, the germ -tube is short and 
thick, appressona early develop, and infection occurs. Long exposure to strong light 
hinders germination, but a short exposure of 20 or 30 minutes is advantageous : this 
effect is confined to the blue end of tho spectrum, the red having no influence. Spores 
kept in the dark, germinate better than those exposed to strong light for more than an 
hour, but worse than those exposed for 30 minutes. If the spoios have been allowed 
to dry, gormination may bo delayed, but it been found that the dried spores presen o 
their vitality for several weeks, and they have been germinated in Europe after Jia\ ing 
been sent from the tiopics. Extremes of temperature are unfavourable to germination, 
the optimum temperature being about 24°C. 

After infeotion, a variable period passes before the spores are formed. The a\erage 
of this “ incubation ” period iB about 14 days. Very young leaves may boar spores after 
9 days, if the surrounding conditions are favourable ; while on adult leaves, the period 
may be delayed to 17 dayB, The orange patohes are frequently moBt pronounced on the 
third pair of loaves, since the incubation period is usually long enough to allow two new 
pairs of leaves to unfold between the time of infection of the apical leavos and the appear- 
ance of the spores. The same spot may, however, continue to bear spores for many 
weeks. 

The teleutosporos of HemUeia vastatrix have only been found in living specimens 
by one observer in Ceylon, but they have also been observed on Ceylon and Afrioan 
specimens in the Kew Herbarium. They are formed in the same manner as the uredo- 
spores, amongst which they may be intermingled and the young stage of which at first they 
resemble. When adult, however, they are turnip-shaped, sometimes broader than long, 
and with an apical papilla (Fig. 191, 8). They are attached by a short stalk to the 
compound spore- bearing head described above as carrying the uredospores, but are only 
found at an advanced stage, when the leaf spot has oeaned'to spread and the spore-bearing 
heads have reached their full complexity. They then appear mingled with the uredo- 
spores, or if these have fallen, almost alone. They have the same orange-coloured oontents 
a a the latter, but the wall is smooth. Their sire is about 30 by 25/*. Germination oooims 
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■by the growth of a promyoelium from the apioal papilla (Fig. 191, 0). This pronmeluun 
becomes 3-septate and bean 4 roundish sporidia on slender sterigmata, one from eueh 
cell. These sporidia germinate readily (Fig. 10], 10 ), but attempts to infect coffee lenw* 
with them have failed and their further history is unknown. 

So far, no variety of coffee has been found to be quite immune to 
the rust (though this is said to have been the case for at least several years 
with C. eongensis var. Chalotii in Madagascar), but the degree of suscep- 
tibility differs greatly, not only from one variety to another but also 
within the individuals of the same variety. This fact is the basis of most 
recent work in the fight against Hemileia. 

Besides the inherent variation in power to resist the disease, it was 
early found that its intensity in a given plantation depended from yeai 
to year on several factors, some controllable, some not. The final rapid 
destruction of much of the liberica variety in Java was hastened bv three 
■successive wet years, 1909 to 1911. Excessive rainfall is not m itself 
a cause of severe attacks, as is evident in Mysore where the Ghat districts 
suffer less from Hemileia than those of the Malnad, though the rainfall 
in the latter is less than half that of the former. It is probable that, as 
in many similar cases, the most favourable conditions for the develop- 
ment of the parasite are periods of voer6ast weather with high humidity 
and moderate rain, especially if broken by intervals of fine weather. 
The influence of the climate is strikingly illustrated in Reunion, where 
the severity of the disease has made it practically impossible to culti- 
vate the arabica variety on the side of the island with a damp, steamy 
climate, while on the other side, where there is a long dry season, it still 
persists. 

A further cause of failure to resist attack is negligent cultivation. 
It was, in Java, amongst the badly cared for gardens grown by natives 
under the “ culture ” system, that the disease first proved destructive. 
No exact work appears to have been done in India or elsewhere on the 
influence of manures, different methods of pruning, good cultivation and 
the like, on the incidence of rust attacks, but it appears to be an accepted 
maxim in certain parts of South India, that generous treatment of the 
bushes is essential if they are to face the attack successfully. The best 
planters may, indeed, sometimes be found to hold leaf disease in con- 
tempt ; there is no doubt but that a marked improvement in the direction 
of reduced losses has occurred since the time of the first outbreak following 
1870, and that this is largely due to better cultivation and, particularly, 
manuring ; but there is reason to believe also that the virulence of the 
disease has lessened, and part of the improvement may be due to this. 
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There are many scattered records of the beneficial effects of heavy 
manuring in leaf disease ; thus, in Tonkin, an attack on bushes exhausted 
by over-production was checked by the application of about \ cwt. of 
cattle manure per bush ; in the New Hebrides, after the first panic, 
which led to many estates being almost abandoned, a revival set in about 
1911, when it was found that good cultivation and manuring greatly 
reduced the losses ; in Sumatra, green manuring carried out twice in 
rapid succession gave a new lease of life to bushes moribund from the 
disease. Such instances can be multiplied and go far towards establishing 
the value of heavy manuring in fighting the rust. 

In the same manner, other conditions which tend permanently or 
temporarily to weaken the bushes, render them moie liable to damage 
from this disease. A shallow or unsuitable soil is a predisposing cause. 
So also is over-production, which has been observed to break down the 
resistance of a relatively immune bush. But these are merely illustrations 
of the general principle that constitutional weakness often prevents 
successful resistance to parasite diseases. 

From the early days of the disease, attempts have beeft made to find 
resistant varieties. Liberian coffee was at one time thought much of 
in this respect, and was certainly, on the whole, more resistant than 
arabica in many places, losing its leaves less readily under attack ; but 
it has failed to maintain its reputation, in Java at least, where it is now 
thought to be as much damaged as an v variety. A good deal of hybri- 
disation work has been done in South India and elsewhere, sometimes 
with temporary success, but, apart from the doubt wdiethcr the parents 
were inherently more resistant than the general level of the crop, the 
work was not, as a rule, scientifically controlled and any success in indi- 
vidual cases Was usually swamped after a while through want of selection 
and isolation. The varieties of Coffea arabica, C. liberica , and the Asiatic 
species chiefly available for hybridisation in the last century are pro- 
bably not markedly different in their power of resisting the disease. 

From the beginning of the present century, however, a stream of 
new African forms, chiefly from the Congo and West Coast regions, 
have reached the East, and their cultivation, especially in Java, has 
given results which promise to revolutionise the position of the coffee 
industry in the countries afflicted with leaf disease. The chief of these 
are Coffea robusla, introduced in 1901, and at present by far the most 
important ; C. canephora and its variety Kouilouensis , the latter known 
as Kouilou or Quillou coffee, introduced about the same time But not 
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distributed on a large scale until later ; the " Uganda ” coffee, probably 
also a variety of canephora, a less heavy yielder than the last two (to 
which it is botanically related) but offering a good field foj selection ; 
O. excelsa , introduced in 1905 and said to be more vigorous and less 
injured by rust than liberica, which it otherwise resembles ; C. congensix 
var. Chalotii , introduced in 1908 and said to be practically immune, but 
giving a weaker growth and lower yield than robusta and its allieh , Quillou 
and Uganda ; C. abeocuta and C. stenophyUa, which appear to be used 
chiefly for crossing, but are being tested on a larger scale in some places ; 
C. Laurent it , probably simply a form of canephora, recently spoken 
highly of, and a few others. None of these appear to be pure types, 
some, such as robusta, varying largely and requiring selection and 
isolation if the best results are to be expected ; but, so far, they are, as a 
class, less injured by Hemileia than the varieties formerly grown, and 
under the scientific control of the Java Agricultural Department may 
be still further improved. The rapidity with which they have found 
tavoui in Java may be judged by the area and export figures for robusta 
m recent years. Tn 1908, there were less than 10 acres of robusta grown, 
m 1913, more than 100,000. Over 24 million new plants are said to have 
been planted out in the four years, 1907 to 1911. In 1910, the export 
of robusta was about 1,900 tons as compared with 6,000 tons of arabica 
and 4,700 tons ot liberica , in 1913, the estimated figures were 18,500 
tons robusta, 6,975 tons arabica, and 3,360 tons liberica. The yield of 
this variety is heavy and it comes into bearing rapidly, but the quality 
is poor , possibly some of its hybrids with liberica or other varieties 
will prove more satisfactory in this respect, For they also appear to resist 
Hemileia. Disquieting statements have also been made that it suffers 
more from the disease now than when first introduced. Of the new 
varieties, only C. exeelsa appears to yield a really good quality product, 
approaching arabica, but this form is still in the experimental stage and 
cannot yet be recommended. It is probable that no single type will 
succeed in ousting the others. Each has some character fitting it for 
special conditions of soil and climate. Thus robusta is said to have 
done very well under heavy rainfall, though requiring a w r ell-drained soil 
as it is sensitive to water-logging ; Quillou (also a heavy yielder) has 
been found to jlo better than robusta on dry estates with heavy soils ;* 


* Under this name, two diutinot formn seem to be included, as the Quillou now 
widely grown in Java is said to differ definitely from tho more recently Importod 
spool mo ns of C. canephora vaj\ Kouilouenei 9. 
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some of the liberica allien, as excelsa and abeocuta, seem able to stand 
a heavy rainfall in heavy soil, and so on. How far their resistance to 
leaf disease will be maintained , remains to be seen : individual cases of 
damage have already been reported ; but it must be remembered that 
some of the earlier introduced forms entered cultivation as anything 
but pure types ; in. the mixture there may have been susceptible races ; 
and the steps now being taken to secure pure races may enable these 
less resistant forms to be eliminated. 

In Madagascar, also, the newer forms seem to have done well. 
Kouilou coffee, introduced in 1900, was reported a few years ago to be 
next in importance to liberica, which is the variety chiefly cultivated. 
Robusta is also stated to be giving good results, while C. congensis var. 
Chalotii , introduced about 1902, is very highly spoken of by some autho- 
rities for the east coast of the Island, a region where Hemileia rapidly 
destroys arabica and seriously damages liberica. 

Spraying against leaf disease has been tried in \arious count nes 
in the past, but, in general, without satisfactory Jesuits. Recently, with 
better appliances and methods, it has been revived with success in East 
Africa and promising experiments have been made in South India, it 
is recommended to spray once with Bordeaux mixture, preferably in 
May. The under surface of the leaves, and also the stem, and fallen 
leaves on the ground, should be covered, and large blocks should be 
treated together so as to avoid re-infection. Foi this purpose battery 
sprayers (see p. 134) are probably the most suitable. The cost is 
somewhere about its. ID per acre, which is not consideied prohibitive 
on coffee, but it varies in different estates, chiefly according to 
accessibility df water and cost of labour. Where the December attack 
is usually the most severe, spraying in September is recommended 
Resin-Bordeaux should be used for the May spraying, but the adhesive 
is not required in September. 

At present it may be said that there is every prospect gf successfully 
lighting leaf disease by the choice of suitable resistant varieties, coupled 
with good cultivation, and liberal manuring, while further experiments 
with regard to spraying are necessary. 

Forms of Hemileia mstatrix have also been recorded on species of 
Gardenia in Java and China, but, as in the case of the similar form on 
Canthium, there is no proof that they are identical, at any rate to the 
extent of being able to infect coffee. 
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Koleroga ( Cortidum Koleroga (Cke.) v. Hoeh .-PeUicularia Koleroga 
Cke.). — This disease (which is sometimes known locally as black rot, the 
native name “ Koleroga ” being applied to more than one disease) has 
been known in Mysore about as long as the cofFee leaf disease, but the 
tiature of the parasite causing it has only recently been recognised. 
Various records exist of its occurrence in the West Indies, Porto Rico, 
Guatemala, Surinam, and Venezuela in the New World, and in Java, 
New Caledonia, and the Congo in the old. There is much doubt, however, 
in the majority of these cases, whether the fungus is the same as that 
fiist described from Mysore. Even the Venezuelan specimens, examined 
though they were by the same authority that named the Mysore fungus 
and pronounced to be identical, are now said to differ in important 
particulars. Within the last few years, the Surinam and Porto Rico 
diseases have been considered by one observer to be due to Pellicular la 
Koleroga and by another to an allied but quite distinct fungus. It Heems 
probable that several different fungi attack coffee iti a somewhat similar 
manner, and except for New Caledonia and Porto Rico, it is doubtful if 
any other country but India suffers from this particular disease. It haH 
been little studied locally, and our knowledge 
ol its pathological characters and the condi- 
tions undei which it flouiishes is far from 
complete. 

In Mysoie, tiie districts most affected by 
this disease are those towardb the Western 
Ghats, where misty weather is frequent. 

In this region, it does much more damage 
than Hemileia. Further inland, where the 
mists are less, Hemileia is common and 
koleroga comparatively rare. Coorg, and 
the Nilgiri and Shevaroy Hills, are other 
localities affected. 

The attack usually becomes evident about 
July. The leaves of affected bushes are Fig. 192. Koleioga of ooffoe 

( Cortioium Koleroga) : 

found covered to a greater or less extent, affected shoot, 
on their under surfaces, with a fine, mem- 
braneous film, greyish -white in colour, smooth, and somewhat brittle 
when dry, but flexible and easily peeled off when wet. This membrane 
may be traoed in a narrow band down the petiole and along the 
branches, sometimes for a considerable distance, the general tendency 
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being to (spread towards the tips of the branches. When wet, it is very 
transparent and hard to detect ; when dry, on the contrary, it is shiny or 
glistening. The membrane frequently spreads over the berries, and, in 
severe cases, leaves, flowers, and fruit may be bound together by the 
web-like films. The older stems are usually free from it. 

The affected leaves turn black and become detached from the twigs, 
but are usually held suspended by the bands uniting the fungus on leaf 
and stem. The bushes may easily be recognised by the hanging masses 
of blackened leaves, which, in severe cases, may involve the greater part 
of the foliage and fruit on the bush. In wet weather, these decompose 
quickly and a brownish liquid may drip from them. The effects are 
therefore much more intense, so far as rapid destruction of the green 
parts is concerned, than with Hemileia, but fortunately require a higher 
humidify for their full development than is usually found. In this respect, 
it appears to be more restricted in range than thread blight in tea, with 
which it is otherwise closely allied. 

Undor tho microHcojie, the film in found to hr composed of u dowdy in Lor wo von web 
of hyaline, septate hyphae, . r » to 7 *5 /a in diameter, much branched, and mixing m all direc- 
tions. Tho web is capable of groat extension laterally, often covering the whole 
undersurface of tho leaf, hut in usually only one or a few layer* in depth, condensation 
into thick strands, such an in sometimes found in the allied threud blight of tea, being 
very rare or absent. In tho New ( 'aledonm form, certain liyplia* divide hv repented diohoto. 
mous branching at short intervals to form a nort of disk ; thew* dinks are said to fix the 
film to tho leaf, and alno to act an nuekem, an it has ln*en found that the cuticle of the 
loaf under them ia corroded to such an extent that on removing the film tho position of tho 
hyphe can lie traced hy the hollow* eatm in the cuticle. These hollows never actually 
penetrate into the epidermal cells. 

At certain points, particularly towards the end of tho hypha*, small roundish swelling- 
are found laterally, attached to the filament, when immature, by a nhort ntalk, but almost 
or quite aeanile when fully grown. They are hyaline, and provided with small roughening* 
or wartn on the surface, tho whole body 1 icing about (or 10,u in New Caledonia) in 
diameter. These wore formerly taken for nporen, though attempts to germinate them 
failed; it is now said that tho bodies seen by earlier observers wcio tho basidia, which 
were mistaken for spores. These basidia arise in groujis of from 2 to 5 lit the end of 
short lateral branches. Each basidium is egg-shaped, 1 1 hy 8/u, in diameter, and bears 
2 to 4 hyaline, thin-walled sjiorcH, 10 to 12 by 4p in diameter, on short sterigmata. 

The fungus appears to be a pure ectophyte, after the manner of 
thread blight on tea ; at leant no haustoria have been made out, and the 
film appears to be quite superficial. Nevertheless the injury caused 
is intense, the affected leaves and fruits turning black and being entirely 
killed. The action appears to be too severe to be accounted for by the 
mere blocking up of the mouths of the stoma td, as the earlier observers 
believed, and it is more probable that there is a direct absorption of 
nutrition by osmosis from the leaf. 



COFFEE : PINK DISEASE : STUMP ROT. ' 479 

Spread appears to be partly, as in thread blight, by the blowing 
about of infected leaves bearing living mycelium, partly through spores. 

Good results have been obtained by spraying with Bordeaux mixture* 
in South India. The disease is easier to control in this manner than 
leaf disease, since it is usually restricted to definite areas in an estate. 
Spraying should be done in May, and where the monsoon attack of leaf 
disease occurs, one spraying will do for both. It is naturally advisable 
also, where possible, to remove foci of infection by cutting out and burning 
attacked branches. Sometimes good results have been obtained bv 
altering the wind belts and promoting currents of air in stagnant localities. 

The fungus has been observed on several plants besides coffee, 
including Strobilanthes, dahlias, and crotons. 

Pink disease ( Corticium salmonicolor B. & Bi.). Coffee is 
amongst the plants which suffer most severely from this widely 
distributed parasite. There is, as yet, little information legarding it on 
-this host in India, except that it is known to occur, but. as it appears 
to be a serious disease in the Malay Peninsula and Java, and as the 
fungus is common on rubber and other plants in South India, it is probable 
that Indian coffee bushes do not escape its ravages. It is described 
under rubbei, on p. 499 below. In coffee, it is not uncommonly found 
on the fruit. 

Stump rot and other root diseases. -Coffee is not less subject 
to this class of disease than tea, and at least two (and probably more) 
varieties of root disease occur in Mysore. It is quite common tq find 
patches consisting of from one or two, up to 150, bushes killed by some 
form of root disease in Mysore and Ooorg, and in one extreme case, an 
aiea ot some 40 acres was wiped out in about 18 years and all attempts 
at replanting tailed. In this particular case, the attack, when seen 
about 12 years ago, was still progressing, recent cases being numerous 
in the bushes at the edge of the patch. 

Perhaps the commonest form in Mysore is that in which small 
patches, consisting of one or more dead bushes, occur scattered through- 
out an estate. In every case they can be traced to the presence of the 
stump of some cut-down jungle or shade tree. Old planters state that 
.they have known of two distinct outbreaks in certain estates, the first 
commencing a few years after the jungle was cleared in opening the 
estate and lasting many years, and the second after removing the shade 
trees first made use of. In rare cases, the attack may not commence 
for as many as 20 years after the tree has been felled. By digging out 



480 


FUNGI AND DISEASE IN PLANTS. 


the whole of the root system of the infected bushes, or by isolating them 
by a trench from the healthy plants, spread may be checked and the 
loss remains slight. Even where no treatment is attempted, the spread, 
which is fairly rapid to the first few bushes, gradually slows down and 
ultimately ceases. , 

On digging up the dead bushes, the tap root and larger lateral roots 
will be found encrusted with a gritty mass of earth, Bmall stones, and 
fungus hyphffi, brownish in colour, and almost of the consistency of 
charcoal. If this be scraped off, the wood below is found marked by 
brownish or almost black areas, sometimes with a paler centre but always 
bounded by a sharp black line. Though no fructification has as yet been 
found, these characters indicate with practical certainty that the cause 
of the disease is identical with that more fully described above (p. 429) 
as causing “ brown root disease ” of tea due probably to Hy men ocher Iv 
mu in. It has been observed in Mysore to spread to various species of 
Ficus and to Grevillea robusla, the characters of the rot produced in the 
deeper layers of the root differing somewhat in each case. 


The following list of trees said to be capable of starting stum]) 
rot of some kind or other in South India may be of interest, though it is 
by no means complete, nor believed to be entirely reliable. The local 
vernacular names are in brackets : — 


Acrocarpua fraxinifoliuH ( howhgc ) 
Artocarpua mtegrifolia (jak or hahim) 
Cmnamomum ineri* (yellagc) 

„ zeylanicum 
Dalborgia la t if o lia (bid) 

Eiiobotrya japonioa (loquat) 

Ficua glomorata (atti) 


Ficus infect oria (bamu) 

THielft ( bih bo wt i ) 

Garuga pinnate (gwodilan) 
Myrwtica magnifies ( mminudike ) 
Soymida fobnfuga (kul gunge) 
Sponia Wightii ( gurcul ) 
Tenninalia belertca (tari). 


Some of these are probably themselves victims, like the coffee, but 
not necessarily capable of starting the disease. Grevillea robusta is 
liable to attack, but many think it does not cause stump rot in coffee. 


The description above on p. 429, can be referred to for further 
details, and for treatment. Coffee bushes have been successfully re- 
planted in the diseased patches a year after removing the affected bushes. 


A more severe form of root disease has been seen in the part of 
Mysore towards the Ghats, where the rainfall is very high. In this 
disease, not only does extension continue to occur for many years, but 
the soil remains infected to such an extent .that replanting has been 
tried without success. It is probable that still other root diseases ooour 
in the coffee districts, but they have not been investigated. In Ceylon, 
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a Bosellinia is said to have probably assisted in the extermination of 
coffee ; and in Java, several different types of root disease have been des- 
cribed. In no case, however, has the cause of the disease been definitely 
ascertained, and no suggestions can be made for treatment beyond 
trenching in the early stages and uprooting and burning the affected 
bushes with a view to preventing spread. Stumps, whether from jungle 
or shade, should, of course, be uprooted if belonging to trees liable to 
start disease. The use of a Trewhella Jack greatly facilitates this work, 
but should it be impossible for any reason, the stump should be isolated 
by a trench at least three feet deep. 

Leaf spot ( Mycosphc&rella cqffeicola Gke.) — Coffee leaves bearing 
this fungus have been collected in the Wynaad. It seems to be rare in 
the East, having been previously recorded only in the New World. 

The leaves are marked by small, roundish spots of a greyish -white 



Fig. 103. Coffee leaf spot ( Afyoosphwrtlla oofiiooia) 

1 , spots on leaf, x 4 ; £, porltheoiuin in surface 
mew, x 100; 3, asci with asuospoies, x HUO ; tf, 
pyonospores, x 200. 

colour, surrounded by a narrow, deep brown band. Further out, there 
iB a diffused zone of a paler brown, which gradually merges into the 
green of the healthy tissues. On examining with a lens, minute, black 
points can be seen, chiefly on the upper surface. 

The black points are fructifications which, m the Indian specimens as m those first 
described from Venezuela, consist of two forms, a ponthecial and a pycmdial. 

Tho penthooia (Fig. 103, £), are immersed m the tissues, only the mouth breaking 
through the epidermis. They contain dub shaped, curved asci, 60 to 60 by 15 to 20/* 
in diameter, with 8 spores, and without paraphyses (Fig 103, <3). The spores are bi- 
seriate or crowded and up td 25 by 4*5/* in diameter, though those from* tho Wynaad, 
which were probably immature, were only 18 by 2 5 to 3/*. They are faintly yellow in 
colour, fusiform, 1 -septate, oonstnoted at the septum, and with one cell often longer and 
mpre pointed than the other. 

The pyonidia are of the type oharaoteristio of the imperfeot genus Septoda, and 
oontam filiform, hyaline spores, up to 44/* long by 1 5/* broad, curved, and with several 
B f DIO 31 
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septa (Fig. 193, 4). Those found on the ouginal Venezuelan material (Hepturia maculosa. 
(Berk.) Ckd ) are described us being 20/* long and with about 7 nuclei. 

Whether these two spore forms are stages in the one fungus is not known. 

The damage done by this disease is trifling, so far as is known. 

Brown blight or anthracnose {Colletotrichnm cojfeanvm Noack** 

( ?) Glomerella cingulota (Stonem.) S. & v.S.). — This fungus, which is 
believed by recent workers in the United States to be identical with the 
widely distributed Glomerella cingulata, is fairly common in South 
India (Coorg, theWynaad, the Nilgiiis,_etc.), usually on the leaves, but 
at times also attacking the berries. It is known in Brazil, Costa Rica, 
Porto Rico, East Africa, and probably also in Java, Madagascar, and 
Reunion, though the name usually given it in the last three instances is 
Glceosporium cojfeanum Del., and it is not certain that it is the same 
species as the American one. 

In many cases the fungus is associated with Hemileia, but it also 
occurs alone, and in the attacks on the twigs and berries seen in India 
there was no trace of the rust fungus. 

On the leaves, the spots are roundish or irregular, those at the maigin 
being often elongated, and the main nerves of the leaf limiting the spread 
in certain directions. The largest spots may be nearly an inch in 
diameter. The colour is at first brown, then grey, and the edge not as 
distinctly bounded by a darker .band as in the Mycosphserella spots. The 
spore acervuli are visible as small, black dots, mostly on the upper 
surface of the leaf. 

The hyphflB ponotratc tlio tissues with a lows limited growth than m M^cobphserella. 
They seem not to enter the cells, but only to pa.is between them, killing them by some 
process of diffusion or absorption. Stromata arc formed by a collect ion of the h\phee 
undor thff cuticle, chiofly on the upper surface of the leaf, rather evenly scattered over 
the spot. They consist of two or three layors of pseudoparenclry ma, tho cell walls being 
brown. At tho surface is a layer of eroct, almost colourless spore stalkb, cylindrical m 
shape, and 18 to 20 by 4/* in diameter. Each bears a single comdium. Other cells of tho 
outer layer grow out into dark brown, stiff bustles (sotse), some four or five times as long 
as the spores, ^ui septate or with one or two cross walls, and pointed at the tip. These setfe 
may bo absent and are especially rate in young acervuli, and in such eases tho fungus 
may be classed as a Gloeosporium. As previously mentioned on more than ono occasion, 
tho distinction between these two genera is artihoial and should not lie maintained. 

The conidia are irregularly cylindrical, rounded at tho ends, often somewhat curved 
or indented, .hyaline singly but pale pink in mass, and measure 12 to 18 by 4 to 6/* in 
diamotor. As they dovolop, they rupture the cuticle of the leaf and appear on the surfaoe. 

On the berries, the spots are more limited and the bristles well deve- 
loped. The effect is to form a depression or to check the growth of the 
berry on one side. At this point, a black or brown stain is found on the 
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l)ean after pulping, and such beans have to be picked out as they lower 
the quality of the produce. Fortunately this form of attack appears to 
be uncommon* though a serious out- 
break has been reported from Coorg, 
and it is spreading in Mysore. 

In Brazil, the twigs are sometimes 
attacked, the fungus producing 
-elongated, sharply defined spots, 
surrounded by a slight marginal 
line. In Uganda, the fungus also 
attacks the twigs and docs consider- 
able damage, being at least one of 
the causes of the destructive condi- 
tion known as “ die bark.” The 
affected plants lose their leaves, and 
the branches wither and dry up. 

It usually begins at the tip and 
works back, but may start in the 
middle and spread both up and down. 

In India, a closely allied fungus was 
found associated with a twig disease, 
which caused some alarm in the 
Nilgiri and Nelliampati Hills about 
a dozen years ago and has spread 
considerably since. This species was 
without bristles and therefore a “ Glceosporium,” but not on that 
account, necessarily different from the present fungus. The acervuli 
were also considerably smaller than those found on the leaf and fruit, 
and the spores a little shorter. Whether these differences are enough 
to separate the two fungi is a question which cannot be decided 
without further study. 



^ St 



Fio. 194. Brown blight of ooffee ( Colle - 
toti ichum coffeanum ) : 1, attack on 
leaf, x 3 ; 2, attack on berry, nat. 
size ; S, attack on twig, nat. size ; 4, 
section of acervulus showing cooidia 
and setffi, X 230 ; 5, conidia, X 160. 
(4 5 after Noaok). 


The Nilgiri twig disease (Fig. 26), was reported in 1904 to be spread- 
ing on all high -elevation coffee estates on the Nilgiris, and was considered 
by some experienced planters a worse enemy than llemileia. 


The attack begins near the tips of the twigs and usually spreads 
backwards to a limited extent only. In full-grown bushes, it commences 
on the primary branches here and there indiscriminately throughout the 
bush, killing off the secondary twigs on each attacked branch, except 
.those towards the base, but not usually killing the entire branch* * In 
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young bushes, on the other hand, it commences on the lower primary 
branches, and as the bush increases in size, the lower primaries die oiL 
When the disease was at its height, it became quite difficult to raise- 
a healthy young plant. 

The attacked branches are covered with corky bark higher up and 
more irregularly than usual. Their leaves" early fall, and soon new 
shoots are put out from the leaf axils to replace the lost foliage. These 
bear small leaves, which are often pale and crumpled ; eventually 'they 
die back in turn. The leaves and berries are sometimes directly infected, 
the former showing brown patches along the margins, while the berries 
are marked by deep purple, sunken spots. The effect on the crop is most 
destructive. The berries on the attacked branches generally drop off, 
those remaining being rarely larger than a pea. The loss in affected 
blocks sometimes exceeds half the crop. 

It was not proved that the Glceosporium was the cause of the 
disease, but no other parasite could be found, and the disease itself bore- 
a distinct resemblance to the “ die back ” of branches known to be 
caused by related species, as, for instance, in citrus fruits. The acervuli 
were found only on the twigs, from just beyond the limit between the- 
dead and healthy tissue to the end of the twig, and the mycelium was 
traced into the wood, not only in the dead portions, but back to parts 
externally sound. 

Spraying with Bordeaux mixture was found of value in checking 
severe attacks of this twig disease and would, no doubt, be equally useful 
against the leaf and fruit forms of Colletotrichum coffeanum. About 
two months after the first spraying, the new shoots that had been put 
out were reported to have a fairly healthy look and to appear free from 
the fungus. A second spraying was then given, and three months later 
it was reported that two-thirds of the bushes threw out strong , healthy 
wood with only here and there a sickly twig. The remaining third had 
several diseased twigs. These were heavily pruned, as many sickly 
branches as possible being removed and burnt. About 18 months later 
the block sprayed was reported to have remained “ not quite, but almost, 
free from twig disease.” 

The disease did not appear to spread readily, except where the bushes 
were contiguous. Isolated blocks escaped infection at least for a time. 
This is one of the few cases seen in India Where the provision of “ wind- 
breaks ” (see p. 109), to check dissemination of spores through the air,, 
might have been advantageous. 
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An allied species, Colletotrichum incarnatum Zimm., has been 
found in Java, not only on leaves affected by Hemileia but also on leaves 
•and stems unassociated with the rust. Especially is it frequently found 
on dead stems, but whether it causes their death, or is secondary, remains 
doubtful. It has also been found in German East Africa on leaf spots 
•caused by Hemileia. This species does not, as described, differ in any 
important particular from Colletotrichum coffeanum and is very possibly 
identical. 

Brown eye spot ( Cercospora coffeicola B. & Cke.). — This is one of the 
most widely distributed diseases of coffee, having been reported from moBt 
-coffee-growing parts of the New W orld, from East Africa and Uganda, from 
Java, and from New Caledonia. In India, it has been found in Mysore. 

The fungus occurs on the leaves and berries, causing small, circular 
spots on the leaves and larger 
blotches on the berries. In Java, 

It has been seen also on the green 
twigs. Usually the damage from 
the leaf spot is small, but it has 
been reported to have seriously 
injured, and even killed, nursery 
plants in Uganda. On older 
plants, the berry attack (which has 
not yet been recorded in Indial 
may do much harm by causing 
the pulp to become hard so that 
it adheres to the bean, and some- 
times by destroying the latter. 

The leaf spots are more or less 
circular when single, and one- 
eighth to one-half inch across. Each is at first bright brown, then the 
•centre becomes greyish-white and a brown or reddish-brown ring defines 
the margin. This is most distinct on the upper surface. On the berry, the 
apots are most prominent on the upper side and may cover half the 
surface. The affected part turns black and shrinks, and the berry may 
fall before it ripens. Up to 70 per cent, injured berries have been found 
in the crop in places in Porto Rico, and the quality of the produce was 
somewhat reduced by these attacks. 

The fructifications of the fungus are found on both sides of tbe leaf spot. Tufts of 
«hort, erect, unbr&nohed oonidiopliores emerge from tho stomata, eaoh being from 60 to 



Fig. 105. Brown eye spot of coffee {Ctrcot- 
pora ooffeicola ) : leaf with spots, X A ; 
conidiophores and oonldia, x 200. The 
conidla on right hove formed secondary 
conidia. Above, a group of seoondary 
oonidia. 
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1 flO/fc long by 4 to 6 fi broad, with several septa, and the usual knee-bends near the top. 
The oomdia are about the same length, narrowed above, straight or ourved, colourless 
and with several (up to 7) septa. On germination, they may either give out long hyph®, 
or bear secondary oonidia, on small conidiophores, from the base or side of the spore. 
The secondary oonidia are muoh smaller than the primary, often unprptate, and have 
not been seen to germinate. 

In Java, robuata coffee i» said to be more readily attacked than 
arabica or hberica. In Uganda, only the berry attack has been seen on 
robusta. In Surinam, robusta, abeocuta, stenophvlla, and arabica are 
attacked. 

In bad cases, spraying with Bordeaux mixture is recommended. 

“ Cobweb ” disease (sterile mycelium). — Under this name, a 
disease has been described in Java, which 
occurs also in old coffee plantations in 
Sylhet and is probably present in other parts 
of India. It bears a certain resemblance to 
koleroga, and has been sometimes taken 
for the latter. ^ 

The fungus is found on the twigs and leaves, 
forming thick, branching, white strands, 
which spread out on the under surface of 
the leaf into a fine, cobweb-like layer. This 
can be peeled off when moist, just as in 
koleroga. The affected leaves lose their 
green colour, become flaccid, and fall. 
Extension occurs to other leaves ami twigs 
in contact, and a large part of the bush may 
be destroyed, the twigs dying as a result of 
of coffee: affected leaf, loss of leaf but not seeming to be directly 
of nd t'hr i, mycelium, hy Snd injured by the fungus. As in koleroga, only 

mannb ? 1 Wxf ffcBrZinilI,ei moist localities are affected, and heavy shade 

favours the disease. 

The mycelium seems to be purely superficial, extending as bands of long, straight, 
parallel hyph®, from which a finer network spreads over the leaf surface. The hyph® 
are of two kinds on the leaf : a larger, straight, relatively little branched, next the epidermis;, 
and a finer, ourved, much branched, outside. The branchos from the latter are short, 
and would suggest fixing or feeding organs, except that they are not on tho inner side 
of the fungal layer. 

No reproductive stage has been observed, tho only specialised bodies found being 
peculiarly branched, thick-walled cells, to whioh the name "anchor cells” has been 
given. Eaoh is formed as an olongated, somewhat spindle-shape oell on the .end of a 
hypha, and, when mature, the yellowish contents are collected in the middle, surrounded 
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by a thiok, hyaline wall, from which several processes arise. There is usually one long 
process at eaoh end, and one to three laterally. Their function is unknown. 

The treatment is the same as for koleroga. 

Sooty mould ( Capnodium brasiliense Puttem.). — As is general with 
the sooty moulds, this fungus is not a parasite and does not feed on the 
bush itself, but on the sugary “ honey dew ” found on leaves and twigs 
infested with certain insects. 

The cases seen in South India were associated with Lecamuw 
hemiiphcericum , L. viride, Hemilecanium imbrimns, and Pxtlvinaria 
pstdix, as well as aphids. In Ceylon, an allied (perhaps identical) fungus 
has long been known, associated with Leeanium nigruw and allied insects, 
to such an extent that an early observe! says “ whole estates are seen 
black with bug, that is, with the fungus.” Species of Aphis, Dactylopius, 
and Pulvinaria are known to induce sooty mould in coffee in many 
countries. 

Ah it occurs in South India, tho fungus ih c harndeiisod l»v its cxtrnordinarv diversity 
of spore foims, und e\tremo reprodiutne aotiwty No less then four different forms of 
oonulia, besides a pycntdinl, and an asngerous stage, are found on the same m\eehum. 



Fig. 197. Booty mould of coffee ( Onpnodium bratilitnte) : 1, leaf with sooty 
mould, X J; f, mycelium ; Braohyseoriura conidia, x 2)30 ; 4. Conio- 
theoium oonidia. x 330 ; 5 , Triposporium conidia, x 330 ; G, 4 group of 
pyonidia and perithecia. X 130 ; 7, tip of pyonidium with pyonospores, x 
060 ; S, asoi, x 330 ; 9, ascospores, X 660. {2 9 after Futcemans and 
Maublanc). 


The mycelium forms a more or less dense, blac k crust on tho leaves and twigs of bug* 
infested plants. This has at 6rst the appearance of a thin, black wash, chiefly on the 
upper surfaoe of the leavoB, but later increases in density and becomes granular and 
even woolly where the growth is most vigorous. Tt may last as long as 12 months 
and then dries up and peels off in large flakes, usually, if the bug persists, bo be replaced 
by a fresh growth. 
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The hypha are greenish -black, composed of unequal cells, constricted at the septum, 
and 6 to 1 Ofi in diameter, or more regularly cylindrical and aboat 3/a thick (Fig. 197, 4?> 
Certain hyphe break up into chains of almost cubical oells, somewhat convex on the 
lateral faces and 4 to 6/4 in diameter. This is the coni dial form corresponding 
to the imperfeot genus Torula. In other plaoes, collections of roundish cells, formed by 
the division of a hyphal cell in all three dimensions, so os to result in a compact 
mass, occur, and form what is known as the Coniothedum stage (Fig. 197, 4). On 
other hyphm, elongated, narrow conidia measuring 40 to 60 by 3 to 4/*, greenish- 
brown in colour, broader at the base than above, and with 5 or 6 septa, are borne laterally 
at tho end of short BtalkB. This form iB known as Brachysporium (Fig. 197, J). Other 
spores similarly borne are formod of 3 or 4 arms united in the centre in the manner of a 
starfish, each arm composed of 4 or 5 oells ; the whole body becoming readily detached 
and germinating as a single spore (Fig. 197, 5). This “ Triposporium ” stage was ono of 
the first sooty moulds described, in connection with coffoo bug in Ceylon, but it is not 
certain that the Ceylon and Indian species are identical, as sevorafforms of sc oty mould 
are known to occur on coffee in different parts of the world. All tho above-mentioned 
conidial forms oan germinate and reproduce the fungus. 

A pyonidial form is found on most affcctod leaves and twigs, but is by no means 
invariably present. Jt consists of elongated, spindle-shaped or almost oylindneal bodies, 
usually unbranohed but sometimes forked, up to 250/a long by 40 /a broad, open at tho Up, 
and containing, large numbers of small, hyaline, elliptical spores, 5 by :/a m dm meter 
(Fig. 197, 6-7). 

The perfect stage consists of small poiilhecia, from 35 to 00/a broad, so me times on 
a thick stalk, 30 to 40/a in diameter, or occasionally formed as swelling* latcialk on a 
pyonidium. The top is open and fringed with small teeth. Insulo are n number of 
asci of variable shape, narrow below and swollen near tho top or m the middle, and 
30 to 35 by 11 to 20/a in diameter (Fig. 197, S). Each asciis contains 4 to H uscosporos, 
at first hyaline then dark smoky green, 3-septate, the seoond cell from the top broader 
than the ro-.t. and 13 to 10 by 5/a in diamcfir (Fig 197, .9). 

The growth of this fungus is closely associated with the honey-dew 
induced by the insects with which it occurs. The liquid is formed in 
such quantities as often to drop from the bushes, carrying spores of the 
mould, which continues to propagate in the undergrowth so long as it 
has sufficient of the sugary juice to feed on. 

Though exceedingly unsightly, the damage caused by this growth 
on the bushes is much less than one would expect at first sight. This 
iB because it is not parasitic, feeding so far as is known only on the honey- 
dew. Its chief powers for harm lie in the fact that it cuts ofi an appreci- 
able proportion of the sun’s rays falling on the leaves, and so interferes 
with the activity of the leaf in manufacturing food. To a lesser extent, 
it may block the stomata in some cases, but as it is chiefly on the upper 
surface where stomata are rare, this cannot often occur. 

The treatment is obviously to deal with the insect responsible for 
the production of honey-dew. As soon as the activities of the insect 
lessen, the fungus disappears rapidly. A bush cleared or nearly cleared 
of the insects mentioned will never be found to maintain a growth of 
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sooty mould. Fortunately most coffee planters are now alive to the 
necessity for fighting the various coffee bugs and scales, and “ estates 
black with fungus ” are not likely to be met with commonly now-a-days. 
In many cases, the chief seat of the insects is in the shade trees, and a 
favourite remedy is to remove the shade. Only certain trees are liable, 
and their use is being discontinued where scale is common. 



CHAPTER XIV. 


RUBBER. 

(H evert, Manihot, Castilho , , Ficus). 

As with coffee, our knowledge of the crvptogamic diseases of rubber- 
producing plants is largely based on work done in other countries ; the 
local peculiarities of these diseases, their distribution, intensity, and the 
influence on them of climatic and other external conditions, which are 
oftentimes so important in devising methods for their control, have been 
little investigated in India. Valuable work has, however, been done 
in regard to “ pink disease ” and “ black thread,” which at present seem 
to be the most serious diseases of the Para plant in Tndia. 

Pod rot and canker (Phyjtvpkthom Faberi Maub.).-<This fungus 
is best known as the cause of the formidable canker and pod rot of cacao, 
found in almost all cacao-growing countries. The FTevea attacks are 
quite similar ; and in Ceylon and Java, Hevea canker has been artificially 
produced by inoculating with the fungus from cacao. Experiments 
with the latter fungus have further shown that it can attack seedlings 
of various garden flowers, as well as youn& tomato and brinjal plants ; 
while in nature it has been found also on breadfruit and papaya. 

The disease has been reported from South India, the Philippines, 
Java, Samoa, New Guinea, the Cameroons, the West Indies, and 
Surinam, chiefly on cacao. 

On the fruits, it is not certain how many of the cases described are 
due to this fungus, and how many to that which causes “ black thread ” 
and is described below. A rot is produced, characterised by a sodden, 
watery discoloration of the peds while still attached to the tree. The 
fruits then turn black, and the outer soft layer ultimately shrivels and 
splits, but the woody wall below does not open to liberate tbe seeds. 
From the fruits, the rot may pass back through the stalks to the green 
branches and kill these ior a short distance, but no case is known in 
which it has reached the main stem and set up canker. The stem canker, 
when it occurs, is said to be always the result of an independent local 
infection. 
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Apart from the Iobs of seed (a itinor matter now-a-days), and the 
possible risk of spores from the fruit setting up stem canker, the fmit rot 
is of little consequence. 

Canker of Hevea stems has only proved to be a serious disease, in 
Ceylon, in those cases where the rubber was interplanted on old cacao 
estates. It is suggested that this is due to continued infection of the 
rubber from the cacao, which, when old, usually provides an abundant 
supply of infective material. Pure rubber, and rubber and tea estates 
have suffered little. In Java, canker is more prevalent on old than on 
young trees, 55 per cent, having been attacked in one case reported. 

The symptoms of Ilevea canker are sometimes inconspicuous on 
external examination. On young trees, the bark may appear daiker 
than normal, but this is not visible once the thick, biown bark develops. 
In some cases, the baik exudes a reddish or purplish liquid, which may 
be noticed in very wet weather, even when the patch of disease is Rmall, 



Fig. 193. Canker and pod rot of rubber [Phytophthora 
Faberi ) : 1, oankeied stem with bark cut away to 
expose the discoloured bast, and deeper incisions 
above and below showing extension in the inner 
layei s ; 2, the fungus fi notifying on caoao pod ; .3. 
a spoiangium with sub-spoiangial bran oh ; 4* 
sporangium discharging ; 5, a zoospore ; 6, a ohlaray- 
dospore, X 376 , 7, oospore with antheridium ; 8 , 
parthenogenetio oospore, X 426. (/after Rutgers 
from Hevea, 9-5 and 7 after Korer from oaoao, 8 
after Coleman from cacao). 


but usually only happens when a large area is involved. No Ifttex is 
produced in the diseased area, and the stoppage of the flow in one or 
several cuts is often the first symptom of the disease. 
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On scraping away the bark qf an affected patch, the underlying 
tissues are found discoloured. The part outside the laticiferous tissue 
is blackened, while the inner bark turns at first grey, with a distinct 
black border, and, later on, claret-coloured. The discoloured area is 
often much more extensive in the inner than in the outer layers 
(Fig. 198, 1 ). Frequently the bark is dirty red when cut, but darkens 
to purple-red soon after exposure. In the laticiferous vessels, the latex 
becomes coagulated, probably by substances produced during the growth 
of the fungus. Unlike the majority of cankers, the bark in this disease 
is frequently not cracked, and open wounds do not result, at any rate in 
the early stages. Severe attacks may, however, destroy the whole bark 
down to the cambium, over a large patch, and the dead tissue in these 
cases is ultimately cast off, leaving an open wound exposing the wood. 
Even in the milder forms, the bark may be much damaged by woody 
tumours and these may persist long after the disease has ceased to be 
active. It seems probable that many cases in which the bark is deformed 
and cracked, or contains Woody nodules or “ burrs,’ * are old canker 
cases. ^ 

Tho myoolium of the parasite is composed of non-septate hypheo of irregular 
diamoter, in places narrow, in others quite thick. They run at first botween tho cells of the 
afieoted tissues, but later on are Raid to penetrate tho oells. After tho internal growth 
has progressed for a time, branches emerge to the surface. On oaoao pods, thcso arii-e 
from condensations of myoolium below tho opidormis (often in the air spares below the 
stomata) which, by their pressure, rupturo tho epidermis (Fig. 198, £?). They give a 
Hupei ticial growth, at first consisting for the most part of long, unbranched sporophores, 
which early become decumbent and form, on cacao, a rather dense hyphal network on the 
surface On Hovoa tho surface growth is usually scanty. 

Sporangia arc formed at the ends of the sporophores, but whon about half grown, 
the atalk continues its growth from immediately below the sporangium, sometimes pushing 
tho latter over to one side, as in Phytophthora infeMatis, but without tho swelling of the 
conidiophore below the insertion of the sporangium characteristic of the latter specie* 
(Fig. 198, 3). Sometimes the sporangia are borne on Bhort lateral branches. They are 
egg-shaped or lomon-shaped, hyaline, with a prorflinont papilla at the tip, and measure 
30 to 00 by 21 to 30 /a in diametpr ; exceptionally large ones are said to roach- 80 by 42ft- 
On germination, they may either give out from 15 to 30 zoospores, of the usual typo found 
in Phytophthora (Fig. 198, 4-3), or one or more germ-tubes on whioh, in turn, secondary 
sporangia may be borne. 

Chlamydos pores, similar to those described in Phytophthora Colocasia and Ph. 
parasitica, are also formed, both in the surface growth on cacao pods and in pure oultnrea 
from cacao. They have been seen on diseased Hevoa fruit from Burma (Fig. 198, 0 ) 
but in this ease may have bolonged to the “ black thread ” parasite. They are spherical, 
yellowish when old, 22 to 50 /a in diameter, and with walls 2/a thick. They germinate, 
so far as observed, always by germ-tubes. 

Oospores are formed in the surfaoe growth on oac&o (? and Hevea) pods, and also 
within the tissues of the oaoao pod. Meet observers have failed to see antheridia and, 
n some oases, have possibly mistaken the ohlamydospores for oospores, but in Trinidad 
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true oospores, with a separate antheridium applied laterally (and therefore resembling 
the type described in Sclerospora or Peronnspoia, and not that of Phyiopkthorti infeatam 
and its allies) have been Been (Fig. 108, 7). Uuualh, however, no antheridium is 
formed and the oospores develop parthenogenetically (Fig. If 8, S). They are spherical* 
33 to 40/u in diameter, with a colourless, thick, smooth wall, and granular contents. 
Their germination has not beon observed. 

Infection occurs in cacao pods by the germ-tubes, either from 
zoospores, or from conidia that have germinated directly (and probably 
also from chlamydospores), penetrating the epidermis either across the 
cells or through a stoma. Once within the pod, growth is very rapid. 
In cacao, where the pods arise directly from the stem, extension back 
along the inside of the peduncle to the stem, and subsequent development 
of a stem canker at this point, is common ; in Hevea, a similar extension 
to the green shoots on which the fruit is borne occurs, but cankers on the 
main stem usually result from independent infection by spores blown 
from the fruit or from diseased cacao near by. 

Measures for the control of this parasite have been chiefly tested 
on cacao. As the fruit rot in this crop causes very serious losses, spraying 
has been undertaken primarily with a view to checking this form of the 
disease. At the same time, it is evident that, since much of the stem 
canker arises through infection from the fruit, either by means of spores 
blown from the fruit to the stem or by direct infection through the fruit 
stalk, a reduction in the amount- cf fruit rot should materially help to 
diminish the canker. Spraying with Bordeaux mixture has, therefore, 
been undertaken with good results in Trinidad, and as the practical 
details are more fully worked out seems likely to prove generally applic- 
able where cacao suffers seriously from this disease. To check canker 
the excision of the cankered bark has long been practised with fair success 
in Ceylon. Suspicious patches on the bark are lightly scraped and if 
the tissue beneath is found to be discoloured, it is cut out. The wounds 
are not tarred or protected in any way and remain as long patches of 
permanently exposed wood, which gradually dries up. To avoid the 
consequent injury to the tree, the application of tar or some other pre- 
servative has been recommerded. Further measures advised in Ceylon 
are the collection of diseased pods at frequent intervals and their 
destruction by burning or burying, and the reduction of shade. 

In the case of Hevea, conditions are different and these recommenda- 
tions require to be modified. The fruit is of little value, whereas the 
stem canker is a serious matter, owing to the stoppage of the latex flow 
at and near the diseased patch. Spraying of the fruits is hardly 
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practicable on plants in bearing and gives no direct return for the cost, 
merely lessening the risk of canker appearing. The use of Bordeaux 
mixture or any copper compound is said to be dangerous once tapping 
has commenced, as if any gets into the latex it causes “ tackiness.” Henqe 
it is only safe on young trees. Excision of the diseased tissue is, 
therefore, the recognised treatment lor Hevpa canker. Once the 
cankered spot is detected (by no means an easy matter), all the 
discoloured tissue should be cut out and burnt. Stoppage of the latex 
flow should be a danger signal leading to careful search for canker. 
After removing the tissue , it is recommended, in Ceylon, to apply a 
mixture of cowdung and clay to the wound, to promote healing, 
if the wound be small. Large surfaces cannot be expected to heal and 
should be tarred or otherwise protected. 

At the same time, since we cannot keep on cutting out cankeis 
indefinitely without ruining the yield of latex, the prevention of infection 
may become of vital importance where new cases frequently appear. 
In such circumstances, it may be necessary to apply a fungicide to the 
stems, so as to destroy spores lodging on the bark. So far ai*is known, 
no definite experiments have been carried out to test the efficacy of this 
measure, or what fungicide can safely be used ; and the comparative 
rarity of Hcvea canker in pure rubber or rubbci and tea estates, as 
opposed to those where the rubber is mixed with cankered cacao as occurs 
sometimes in Ceylon, may indicate that stem treatment with fungicides 
is not called for in India. 

Black thread and leaf fall (Phytophthora Meadu McRec). — The 
name “ black thread ” is used in Burma for a serious disease of the 
tapped surface of Ilevea stems, marked by the appearance of vertical, 
slightly depressed, black lines. It is also known in Ceylon, Malaya, 
Java, and South India. In Ceylon, Burm», and South India an abnormal 
second leaf fall in Hevea, associated with dying back of the branches, 
has been observed and seems to be due to the same fungus. Cacao 
is not subject to attack, but artificial inoculatipns have succeeded 
on leaves of ceara trees and seedlings of castor and of some garden 
flowers. 

The dark lines of black thread extend in through the exposed bast 
and may penetrate the cambium and reach the wood. The blackening 
spreads laterally also, and may eventually cover the whole surface of the 
cut area." Vertical cracks and deeply sunken areas, from which white 
latex exuded, result. Where renewal of the bark is taking place from the 
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margin of the cut, a thick pad of coagulated latex may collect, causing 
the bark to bulge and ultimately decay , large gaping wounds — true 
cankers extending down to the wood — may eventually be formed The 
tree is not killed, but the blackened parts soon cease to 3 leld latex and the 
death of the cambium seriously mterfeieH with the smooth and even 
regeneration of the bark, on which successful tapping depends The 
cankers heal irregularly and with roughened ‘ wound tissue " (callus) 
•and, as the disease extends, it becomes more and more difficult at each 
round to find bark suitable foi tapping 



Fig 190 Black thread of lubber (Phytophthora Meadii) diseased tapping 
wound 

The damage caused by this disease in Buima is increasing On 
one estate where it was first noticed in 1913 the number of trees 
affected was 12 000 out of 77 000 in tapping by 1914 and 42 000 out 
of 117,000 in tappmg by 1913 I11 1914 the loss in rubber was 

estimated at 2 000 to 3 000 lb m 1915 between 8 000 and 9,000 lb 

The fruits are also affected and those attacked can easily be recog- 
nised by an exudation of latex 111 drops The diseased areas are dull 
green and water soaked at first, then darken Latex may collect between 
the soft rind and the woody shell of the seed capsule The fruits remain 
hanging on the tree and, when early attacked, do not open to liberate 




496 FUNGI AND DISEASE IN PLANTS. 

tiie Beed ; saprophytic and weakly parasitic bacteria and fungi eventually 
cause them to blacken and rot. The white mycelium of the parasite 
may often be seen as a felt on the fruits, but is not usually visible on the 
stem. 

In South India, not only are the fruits and bark affected, but the leaf 
fall and die back have assumed serious proportions. The leaves of Hevea 
fall naturally in December and January, but in diseased trees there is a 
second fall in the rains. The branches from which these leaves fall 
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a portion. The new flush that replaces them remains normal during the 
following cold weather, except where dying back is going on. 

On tho leaves the first attack may be on the blade, the leaflot stalks, or the main leaf 
Malk. On the green leaf, dull grey spots at first circular, then enlarging and running 
together, are seen. The stalks show discoloured spots, sometimes sunken. Sporangia 
are formed especially around tho odgos of the spots. The young leaf buds are liable to 
attack, and twig infection may start from such buds as w'dl as through the stalk of 
infected fruits. 

In the twigs, thore is a clear lino of demarcation ln'twoon tho dead and living purK 
dark brown m colour Hyphee occur in the dead parts and extend into those still living 
They are found especially m the medullary rays arid also m the other parts of the wood, 
the pith, and tho Imrk 


In the stem, the mycelium of the parasite is chiefly between the cells of the soft 
tissue,, avoiding both the selerenehyma and the wood cells. In the fruit, lnterecllulai 
.mil intracellular hyphee are found in the rmd, and they may reach (lie interior of the 
woody shell through the sutures. The coll walls of infected tissues are turned brown or 
\t l.low and are sometimes swollen. Tin* eell contents are destroyed and sometimes 
replaced by a yellow or brown, gummy substance The hyphen are of the usual Phyco* 
myeete type hut difficult to hop without reagents; Imustoiia are rare anil of n wmpli 
t'|H*. roundish or elongated (Fig 201, 1). 


When about to fructify on the fruits, the hypli® form a stromatoid l>ody of swollen 
( elK, not laterally united to one another, in the cells of tho epidermis (Fig. 200, /). These 
( ells onlntge and ruptuie the cuticle and at the same time give out, from their free ends, 
from one to three slender processes, the sporangia! Htalks (Fig. 200, S). The stalks may 
1 1 * extremely short, or up to 100/* long, ancl they sometimes branoh so as to produce u 
superficial mycelium Tho sporangia are usually single and in culture measuro from 
2o to 01/* m length by 19 to 37/* in breadth, though seldom exceeding 30 by 20/* when 
measured direct fiom the host plant They are pear or citron-shaped and each gives 
use to a nmnlier of zoospores (up to 30) of the usual Phytophthora type. On germination, 
tin* zoosporo gives one or more germ-tubes, which may again bear small secondary 
sporangia with one to throe zoospores (Fig. 201, 2). 


Chlamydospores similar to those of Pfn/tophlhom /xounHuo are formed on 
the host plant and in culturp (Fig 201,3). 

They are roundish, 17 to 34/* in diame- 
ter, terminal, lateral, or intercalar, and 
with h thick, usually yellowish wall. 

The sexual form of fructification has 
i ot been found on the Burma fungus but 
has been obtained in South India in cul- 
t in os, and on fruits and soeds towards the 
end of the fruiting sta«on. It resembles 
that of Ph. Colocnsias in all essentials 
(Fig 201, 4). Tho oogonia and antheridia 
uTiHO on lateral, branches from the main 
hvphffi. The antheriduim is hyaline and 
persistent, and is penetrated by the stalk 
of tho oogonium. The lattor is roundish 
and usually thin-wallod f smooth, and 
rolourless, but may have a thick, 
toughened, yellowish wall. The oospore is round, oolourlesB 'or pale yellow, and nearly 
B } DIO 32 



FlO. 201, Phytophthora Meadii : /, hftus 1 
toria on mycelium in stem, X 360; £, 
germinating zoospore with secondary 
sporangium, x 480; 3. chlamydOepore 
x 300; 4. oospore, X 800. 
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lillit the'oogonium. Thin -walled oogonia measure from 22 to 31 f*, thick-walled 32 to 43 /*, 
and oospores 22 to 28/*, average 24 '5/x. 

Artificial inoculations show that the fungus is a wound parasite on 
Hevea stems but fails to penetrate the unwounded bark, whether of old 
or young trees. The first signs of attack may be visible in four days, and 
typical vertical cracks, with an exudation of latex, in a week. In deep- 
seated inoculations, gaping wounds exposing the wood were obtained. 
It has also been successfully inoculated on leaf blades and stalks, leaf 
buds, and fruits. Inoculations on cacao, papaya, and breadfruit (natural 
hosts of Phytojriuhora Faberfy failed, as did also those on seedlings of 
brinjal and tomatoes, plants which have been successfully inoculated 
with the cacao fungus. 

The disease makes its appearance soon after the rains set in and 
disappears after the close of the monsoon. It seems to be closely 
dependent on climatic conditions, and is fostered by humid, stagnant air 
within the plantation. 

Hence the chief treatment should be in the directions of securing 
good ventilation , and of protecting the newly-cut tapped surface from 
infection. Thinning the trees is strongly recommended or, where shade 
is still too dense, heavy pruning. New infections are said to come chiefly 
from the fruits, and the fungus does not seem to live over from one season 
to the next on the bark. Hence it is recommended to collect and destroy 
as many fruits as possible, in badly affected areas, early in the monsoon. 
It may be necessary in places to cease to tap infected trees during the 
monsoon, while where tapping is still carried on, the exposed surface 
may be coated with some preservative. Excellent results are said to 
have been obtained in South India by a combination of cessation of 
tapping on infected trees, with the application of a thin smear of a mixture 
of tar and tallow to the diseased spot. The mixture is applied with the 
finger and then rubbed with a piece of sacking so as to cover the attacked 
part of the bark. The tar acts as an antiseptic, while the tallow forms 
a waterproof covering. After the monsoon, the treated areas gradually 
shed a thin scale of tar-coated bark and expose a clean, healthy surface 
beneath. Covering the tapped surface with a mixture of clay, cowdung, 
and sulphur has also been recommended ; while in Java and Malaya, 
antiseptics such as carbolineum and izal have been used with 
success. 

In South India, the fungus is believed to pass the dry season inside 
the branches that have died back, as well as by the oospores which form 
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on the fruits and seed towards the end of the monsoon . It is recommended 
to remove and burn all dead wood and decayed fruits on the trees and 
on the ground. Extensive experiments to test the best methods of 
doing this are in progress. 

Pink disease (Cortvium mlmomcolor B. Br.). -So far as iH at 
present known, this is one of the worst diseases of Hevea rubber in 
southern India. More than 2 per cent, of the treeH on some estates have 
been attacked by it in a single year. It is also known in Burma, Ceylon, 
the Malay Peninsula, Java, Borneo, Formosa, Samoa, the West Indies, 
Surinam, West Africa, and the Caucasus In South India, it has been 
found on tea, coffee, mange, mango, jak (Artocaipu* in t eg t if vita ), cam- 
phor, Crotalaria, and Cassitt numosotdett. In other countries, on tea, 
coffee, cacao, rubber (Hevea, Castilloa, Ficus), cinchona, indigo, rhea, 
nutmeg, pepper, orange, mango, custaid apple, sapodella, loquat, plum, 
apple, coca, cinnamon, kola, Tephrosia purpurea, dadap (Erythrina sp.), 
(rievdlea robmta , Strobilanthes, Lantana, Eriodendron, jak, teak, acacia, 
Bixa orellana. Thuja, Eucalyptus, jasmine, rose, gardenia, oleander, 
croton, and many other wild and cultivated plants. It lias therefore, 
perhaps, a wider range of recorded hosts, belonging to the most 
diverse families, than any other tropical parasitic fungus yet known. 

The amount of injury which this fungus is capable of causing varies 
greatly according to the variety of plant attacked. Tea suffers less than 
cinchona and cinchona less than cacao ; Hevea seems to be one of the 
more susceptible plants, and Orevillea robusta is also very readily 
attacked ; while Lantana frequently escapes. Experiments in Java prove 
that the disease can pass readily from one species of plant to another ; 
cinchona has been successfully infected from tea, coffee, cacaft, Hevea, 
loquat, and several other plants, and there is no indication in these 
experiments of the existence of biological races (see p. 61). 

The disease affects the twigs or smaller branches chiefly, but is found 
also on the main stem. The first symptom noticed may be that the 
leaves of one or several branches lose their green colour and wither, 
often without being shed. In some hosts, the small branches wither 
rapidly when attacked, but in others (tea, etc.), death is slow. On affected 
branches, one or other of the several forms in which the parasite occurs 
pan be found, but it is rare to find all stages on the same twig. The nfost 
easily recognised and most destructive is the Corticium stage, which 
occurs as a rose-coloured or whitish crust (Fig. 203, 7), often much 
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cracked and somewhat like badly-dried whitewash, on the under side of 
horizontal branches and wholly or partly surrounding those that are 
vertical. 

Oil Hevea, the disease generally originates at the fork of a tree, or 
where several branches arise close together from the main stem. The 
Corticium stage of the fungus i*» usually the most readily observed, forming 
a pink incrustation on the bark. This gradually extends and may 
ultimately surround the stem and the branches arising from the affected 
part foi a length of several feet. The bark then splits and peels away 
fiom the wood, and the latter may also become infected, but to a much 



Fig. 202. Pink disease of rubbor ( Cortioium salmonicolor ) : 1 „ 
Hevea twin with incrustation, X J, I, section of sporopnore 
showing hjraenium. x 220; 8, basidiospores germinating, x 
105; 4, Secator stage, X 200; 6, Neoator spores, x 200 ; 6, 
same germinating, x 200. (2—J after Zimmermann, 4 — & 
after Brooks and Sharpies). 


less extent and chiefly in the smaller branches. Even after the bark ha» 
been killed, the fungus spreads more rapidly over the surface than within 
the tissues, so that the margin remains generally superficial. Spread 
is governed largely by conditions of moisture or exposure ; if, for example, 
the rain water runs down one side of the stem only, the crust may be 
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•confined to that side ; and similarly it will exhibit greater growth on the 
more shaded side. The pink layer is extremely thin, and, when old, 
splits everywhere in lines more or less at right angles to one another. 
For this reason it has been called the “ writing fungus ” in Malaya, being 
thought to resemble hieroglyphics. Old specimens lose their pink 
colour and become ochraceous, or, when very old, bleached to white. 
Sometimes even young patches may be white, and the bark may be 
covered with long, silky hyphee of a silvery white appearance instead 
of the usual interwoven pink felt. This stage is sufficiently common 
on other hosts, such as cinchona, to meiit being considered a definite 
sterile form of the fungus, somewhat like the steiile sheets ol Corticium 
found on coffee twigs. Another sterile form also occuis, often in con- 
nection with the last, as small, white nodules partly sunk in the bark, 
and often elongated or in rows. Finally, there is a spore-beaiing firm, 
which was long considered to be a distinct fungus under the name of 
Necaior decrefus, but which has been proved to belong to the other 
forms. It appears as irregularly rounded or elongated bodies, sometimes 
superficial, sometimes bursting through the bark from below, orange- 
led in colour, from \ to 2 or 3 mm. in diameter, and often closely crowded 
together. 

The amount of damage caused depends upon the size of the tree. 
The disease appears to attack Hevea btcms mostly of between one and 
three years old, and after that to be chiefly confined to the upper branches. 
Young stems about two years old are quickly encircled and “ ringed,” 
but on older trees, the patch should be detected before it has giown 
completely round the tree. When the penetrating mycelium reaches 
the latieiterous tissues, an exudation of latex frequently occurs, which 
assists in indicating the presence of the disease even high up on the tree. 
Growth takes place continuously during the monsoon period ; the bark 
is killed off uniformly ; side branches at the point of attack are ringed 
and killed ; and the bark of the main stem peels off in large patches. Before 
the dry weather comes, the growth of a single # season may be enough to 
encircle the stems of young trees, and the whole stem abpve may then 
be killed. But in many cases the disease has not advanced far enough 
to kill the tree by the time the rains cease. The fungus then stops 
growing, having killed off part of the cortex and cambium of the main 
stem and probably some of the side branches also. This leaves an open 
wound, over which there is no cambium to produce new tissue. The 
result is a “ tanker ” — an open wound exposing the wood and surrounded 
by an elevated callus ring. The pink incrustation does not form on the 
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exposed wood, and sometimes that on the bark has been for the most 
part thrown ofi with the dead bark when the canker is formed, but it is 
usually possible, even in this stage, to find traces of the pink fungus on 
the fragments of dead bark round the margins of the wound. Large 
open Wounds on the upper part of H$vea stems are generally the result 
of the attacks of this fungus. Adventitious roots have been observed to 
develop from the callus of the upper side of these wounds on hosts where 
the stem was partly " ringed.” Below the point of attack, the tree 
usually throws out a bunch of suckers in its endeavour to replace the 
part killed, and these often serve to call attention to the disease. 

The mycelium of the parasite consists in the early stages of fine, white iijplue which 
creep over the surface of the bark, sometimes condensing to silky, whito sheets, sometimes 
remaining thread-like. Clamp-connections occur in these hyphie The next stage to 
la* observed is usually the appearance of the white, nodular form, which, on close examina- 
tion, is found to occur chiefly in the lenticels. It is suggested that entrance into the 
tishuos occurs in this statre. The nodules are composed of dense coils of fine colourless 
hypheo. which communicate both with those on the surface of the bark and those which 
enter the tissues. In their neighbourhood, the cells are killed ami turn brown, and tins 
appears to represent tho first stago of the attack. When the wood is invaded, the hyahm 
hyphee arc found especially in tho vessels and medullary rays. Tliylrtse- are found in 
numbers in the affected vessels (Kig 44) The ascent of water is checked, and tin 
leaves alrove wither and die. 

The Corticium stage is formed of a loose, basal lajer of interwoven hyphtc. which 
unite into a much firmer basulial layer, composed of a dense mass of parallel basidin, at 
the surface (Fig 202, 2). The individual bnsidin are club-shaped, with 4 spores born* 
on narrow st^rigmata, 4 to (I/* long. The spores are hyaline, pea r- shaped, with a httk 
stalk at the narrow end. and measure 9 to 12 by fi to 7 fi in diameter. They germinate 
readily in water (Fig. 202, 3). In Malaya, such a definite hymcnial lajer as that figured 
has not been found, the basidia being irregularly scattered. The Corticium stago is 
usually preceded by the whito, nodular stago, but seems to have no relationship in time 
with the Nccator stage and often occurs without 'the latter. 

The Necator stage iR usually found only on twigs on which the Corticium stage also 
oocurs, hut is sometimes found alone. Tn artifieial inoculations with pure cultures from 
the Corticium, only the Necator or the Corticium may appeal, or both together; the 
same occurs when tho cultures originate from the Necator stage, and there seems to be no 
rule whioh would enable one to predict what fotm the parasite will take. The fruit-bodies 
would seem usually to arise from the internal mycelium and burst out through the bark 
in little groups. On horizontal hranohes they occur mostly on the upper surface, unlike 
the Corticium which is usually underneath. Each fruit-bedy consists of a roundish, 
stromatio mass of pseudoparenohymatic cells of an irregularly polygonal form (Fig. 202, 4). 
The dianioter is J to 2 or 3 mm. and the colour of tho whole body orange-red. After 
bursting out to the surface, the outer part of the cell mass breaks up into unicellular 
spores (Fig. 202, 5). This process continues into the deeper layers of the strpma, until 
most of its contents have been transformed into spores. The spores are hyaline singly, 
reddish in mass, irregularly angular in shape, very variable in size, from 10 to 36 by 7 to 
17 p in diameter, and of a waxy consistency. They germinate readily in water, forming 
one or more germ -tubes (Fig. 202, 6), which give rise to a richly -branohed, septate, anasto- 
mosing mycelium. 

Artificial oultures of all four forms, the sterile ercepirg mycelium and neduiar fonts 
and the fertile Corticium and Neoator stages, quite agree in their oharaoters. They all 1 
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give a copiouH myoelial growth, which is usually coloured pale rose if exposed to the 
light, but remains white, at least for a time, in darkness ; other conditions, such as the 
composition of the culture medium, and the position of the hyphfB on it* surface or 
immersed in it, also influence the oolour, but light seems to be the ohief and its effects 
may be seen in sporophores of the Cortioium stage, which arc often white or pale tn shaded 
positions. The colour is due to the presenco of carotin If the chltuies he exposed to 
rapid alterations of temperature, zones de\elop No form of fructification has been 
obtained in culture, the fungus giving only a mycelial growth with sometimes sterile 
nodular condensations of the hjphee. which may resemble the Necator stag* lifon 
spore production 

Infections carried out in Java with pure cultures, taken from the 
different forms of the fungus, show that all its forms behave in a similar 
fashion, successful results being as readily produced by the culture from 
one stage as from another. It is not a wound parasite, being cnpable 
of infecting through the wound bark. Moisture is, however, essential; 
it is exceedingly difficult to get successful infection m dry weather, and 
it is, further, probable that the spores are only formed in the moist 
season of the year. The commonest seat of infection is the fork of 
a branch or stem, this being the dampest part of the bark. Even after 
infection has occurred, a dry period will check the further development 
of the fungus towards its fructifying stage. The moisture conditions 
depend not only bn the season, but are also influenced by the density of 
planting and the use of inter-crops, cover plants and the like. It has 
been conclusively established that the prevalence of not only pink disease 
but also canker is very lsrgelyHbound up with the extent of the shade, the 
density of the growth, and, in general, the degree of moisture and stagna- 
tion of the air within the plantation. This is very clearly shown in the 
case of certain species of Cinchona with different habits of growth. 
C. Ledgeriana has a rather dense, bushy growth, and suffers severely from 
pmk disease ; C. mccirubra, on the other hand, has twigs which stand 
rather far apart and allow the air to circulate more freely, and in conse- 
quence is rarely iujured. Artificial infections have shown that this is not 
due to any difference in the power of the two species to resist the disease. 
For the same reason, tea in seed nurseries is more liable to attack than 
the pruned tea of the general crop. Shade is said also to have possibly 
a more direct influence on the prevalence of the disease than merely by 
producing a humid atmosphere ; it is suggested that changes in the 
composition of the cell sap brought about by shade (increase of 
plant acids especially) assist in facilitating the penetration of the 
^yph®. 

Hence, of the measures for reducing the losses caused by this fungus, 
mention Bhould be made in the first place of the beneficial effects of 
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promoting a free circulation of the air by reduction of shade, thin planting, 
avoidance of inter-crops, and the like. Good drainage is also of value in 
the same direction. These are matters fully dealt with in many of 
the publications on rubber cultivation in general, and need only be 
emphasised in the present connection. 

The direct treatment may be divided into measures intended to save 
already infected trees, and measures to prevent infection. 

A close watch should be kept at all times, and especially from Mav 
onwards, for the appearance of the disease on the trees, and when it is 
found, the affected part should be cut off at least eighteen inches below 
the attack, and burned. Attempts made to cut out the affected baik 
only, even when the wound has been washed with Bordeaux mixture 
and tarred, have generally failed, about 70 per cent, of such treated 
areas having developed the disease again the following year. 

Consequently the whole branch *)r stem should be cut off. Unless 
three feet of tappable stem can be left, it is bettei, in an attack on the 
main stem, to cut the tree down close to the ground and get a tucker iiom 
low down to replace it. The diseased paits should be burned on the 
spot at once, to prevent dissemination of spoies, and the knives and 
chisels should be washed in a disinfectant (permanganate of potash l*. 
generally used) after dealing with each case ; the coolies should also 
wash their hands in the disinfectant before going on to the next tre« 
All the wounds and cut sut faces of branches should be taned, not nece*> 
sarily as a protection against this fungus but to preient infection b\ 
wound parasites, such as that which causes the die back disease (see p. 500), 
and also, when the heart-wood is exposed as when the stem or laigo 
branches are cut, to prevent the access of vaiious common wood-rotting 
organisms. 

To prevent new infections, the use of Bordeaux mixture has been 
found very successful in young rubber. It is certain that the beginning 
of the attack is due to spores, whether from jungle trees or from the 
rubber itself. It is believed that the spores do not survive the dry 
season, and that new ones are not formed during this period, on rubbei, 
so that the attack regularly noticed on certain estates very quickly aftei 
the monsoon begins, probably comes from some external source. Hence 
if the parts of the tree most susceptible to attack, such as the forks of the 
branches, can be coated with Bordeaux mixture before the onset of the 
monsoon, the spores lodging in these places will be killed. If the mixture 



RUBBER : PINK DISEASE. 


m 


.ran be made to stick on the tree during the monsoon, one application 
should result in keeping off the disease for a whole year. 

The strength of Bordeaux mixture used in successful experiment 
on a large scale, in 1910-11, was 6 lb. copper sulphate, 4 lb. lime, and 
45 gallons water. To increase the adhesive powers of the mixture, the 
resin adhesive (see p. 142), is now always used in rainy places in South 
India, but in the experiments referred to, treacle and other inferioi 
substitutes were tried. The mixture was kept well stirred in wooden 
or copper vessels and given to the coolies in small lots in hollow bamboos. 
The coolies climbed the trees (a six-foot ladder was used in some cases) 
and applied the mixture with a brush round the folks and foi a foot oi 
tw’o down the stem and up the branches. In some cases, the stem was 
rubbed clean with old sacking first. The best time foi applying the 
mixture is said to be May or June, and a second application is probablv 
unnecessary, but subsequent experience may show' that further treatment 
during a break of the monsoon in September or October may be advan- 
tageous. The cost w'as from one to two rupees an acre, on over 200,000 
tiees treated m 1910-11, and the result was a reduction if the disease by 
from 50 to 75 pci cent. Some of the trees had three applications, some 
tw T o, some only one. The results were about the same in the tw r o lattei 
<ases, but those done thiee times had less disease. Further experiment* 
<ue, howevei, necessary before deciding on the numbei oi application* 
which gives the best lesult. 

It is evident that, if further experience supports these veiy encourag- 
ing lesults, a cheap and effective method of controlling this disease in 
young plantations is available. In young rubber, cutting out the affected 
parts, though undoubtedly effective in saving many trees, may mean the 
loss of thiee oi four year*’ grow r th, which is a very serious matter in 
a crop that takes >o long to give a return. Tt is not likely that th? m>e 
of Bordeaux mixture will evei* entirely do away W'lth the necessity fri 
surgical treatment m a certain percentage of cases, but w r ith this crop 
prevention is so obviously better than cure, that it is to be hoped that the 
preventive treatment will, if it stands fuller tests, be adopted w'here pink 
disease is prevalent. It must be clearly understood, however, that the 
method cannot cure a tree already diseased, and that many consider 
Bordeaux mixture to be unsafe after tapping has begun. The part of the 
fungus within the tissues escapes injury, and at a subsequent period can 
renew the spread of the disease on the surface as well as below. In 
Malaya, it is recommended to apply tar for two feet above and below the 
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region over which the fungus is apparent, in early stages of attack. The 
treated trees should be examined again within a month, and a further 
application made if the fungus has spread. If this fail, the branch 
should be cut out. Spraying is not recommended in mature' plantations, 
owing to the difficulty of reaching the upper branches. 

The above account refers to pink disease chiefly as it occurs op Hevea. 
It attacks also Castilloa and Ficus elastim , though it has not yet been 
noticed on these hosts in India. In both cases the damage seems to be 
similar to that caused to Hevea. Another interesting host is Crotalarw 
striata, grown for green manure and cover in many estates. In South 
India, large plants of this species, about one year old and f inch thick,, 
and very woody at the base , were freely attacked at the lower part of the 
stem by pink disease. But this crop can be safely grown as a rule, pro- 
vided it is not allowed to develop such woody stems. The same applies 
to Cassia mimosoides, another cover crop. 

Brown root disease (Hymenochwte noxia Berk.). — This is the only 
rubber disease of the class which take their origin from rotting stumps 
of jungle trees in the soil, so far identified in India. In Ceylon and Malaya, 
various other root diseases of this type are known to attack rubber. In 
particular, a disease caused by a fungus usually known as Fames semi- 
toslus Berk, is regarded as one of the worst enemies of rubber cultivation 
in the Malay Peninsula ; but though the fungus first described bv this 
name occurs in the Khasia Hills, it is now clear that the rubber parasite 
is not the same ; the latter, which should be known as Fames lignosus 
Kl., haB only once been reported in southern India, and it has been 
included amongBt the pests against the importation of which legislative 
measures have been adopted. In Ceylon, Hymenochwle noxia is the 
commonest root parasite of rubber. Other root diseases are caused by 
Sphcerostilbe repens and Ustulina zonata , but these have not been 
identified in India on this host, though known on tea. 

The characters of the disease, as it affects tea, have been given 
above on p. 429. On rubber it is quite similar. There is reason to 
fear, however, that the damage which this and allied diseases may 
ultimately cause in rubber estates is likely to be more serious than in any 
other class of cultivation. Mycologists in the East, especially in Malaya 
and Ceylon, have frequently called attention to this danger, which 
results largely from the peculiar conditions under which rubber plantations 
have been often opened in heavy jungle. At the time of the rubber 
boom, large areas were hastily cleared in a very imperfect fashion. 
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especially as regards the larger jungle trees. "These were for the most part 
not uprooted, but cut off, usually 2 or 3 feet above the soil level, and 
left to decay. Even the 


fallen timber was often not 
removed (Fig. 204) In 
such estates, root diseases 
began to appear rapidly, 
sometimes when the rubber 
was only two or three years 
old. In one instance 
reported from Malaya, 10 
per cent, of the Hevea had 
been killed out by Fomes 



semit 0 i,tuf> before the estate 
was four years old. Another 
case is reported from Ceylon 
where 700 trees blew over 
from the same cause, in a 
single night, in an area of 
80 acres, after which all 
dead stumps and fallen 
timber were taken out. It 
is possible that new out- 
breaks of root disease will 
continue to appear in such 
estates for many years. It 
has already been stated that, 
in coffee, there is reason to 
believe that certain classes 
of stump rot do not begin to 
develop until %s much as 
twenty years after the jungle 
tree, from which they ori- 
ginate, was cut down. The 
history of rubber estates in 
the East is as yet too short 
for a similar experience to 
have been recorded ; but 
the possibility, even pro- 



Fio. 203. Brown root disease of rubber (Byrne- 
nochate noxia) : affected root of Hevea, X f. 


bability, must be faced that, in imperfectly cleared estates, 
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new outbreaks of root 'disease will continue to develop for many 
years. 

The clearing of old stumps and fallen timber from newly opened-up 
rubber estates was not done at first, partly on the score of expense, partly 
because the danger, was not recognised, But experience has shown that 
the ultimate cost of such negligence has often greatly exceeded what 
would have been the price of prevention in the first instance, and in some 
cases the real loss has been irreparable. It is far more difficult to clear 
estates after they have been planted out, and it is impossible to guarantee 



Fig. 204. View in Malayan rubber estate, showing stumps and (alien timber. 
(After Leplae). 


that the cleaning up will be effective in checking disease once it has 
started. From the mycological point of view, the path of safety lies in 
thoroughly clearing and cleaning an estate before, and not after, planting 
operations. From the business aspect, it seems probable that this means 
economy certainly within ten or twenty years. At the annual meeting 
of one Company, in 1910, it was stated that the expense of uprooting 
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Btumps and removing all dead wood came to a total charge, once for all, 
of less than sixpence for each tree. This is not a heavy outlay to meet 
a danger which has become so marked that stringent legal measures 
against negligence in cleaning rubber estates have actually been advocated 
in the Straits Settlements. 

The treatment of brown root disease, once it appears, has already 
been discussed under “ tea.” 

Die back ( Thjridaria tarda Baner. = Botn^diplodia Theobrotncr Pat - 
A description of this parasite has already been given with an account of 
the diseases of sugarcane and tea caused by it fpp. 385, 445). On rubbei, 
it is as a parasite of the twigs and branches that it is best known , and the 
name ” die back ” is descriptive of the predominant symptom, namelv 
the death of infected parts backwards from the tip towards the base. 
It has been most frequently observed on Hevca, but serious outbreaks 
on Castilloa have also occurred. The fungus itself has been found on 
surface roots and cut sterns of Ficus elastica, but its pathologic action 
has not been investigated on this species. As a rubber disease, it has 
been chiefly studied on Hevca. 

In young Hevca plants, the main shoot is usUally attacked ; in older 
plants, the leader or one of the lateral shoots. At first, it is rare to find 
more than one or two shoots dying. The death of several shoots occurring 
simultaneously is usually due to some other cause, such as root disease. 

When a branch is attacked, infection usually takes place not at the 
tip, but a variable distance back from the growing point ; the branch 
dies above the point of attack and, less rapidly, also backwards towards 
the base ; ultimately the trunk and even the roots may be reached. As 
spread backwards occurs, the whorls of branches lower down are killed 
off in succession, owing to stoppage of the water supply where they arise 
from the stem. New shoots are often put out below the dead part, and 
these in turn may also be killed. It not unfrequently happens, however, 
that the dying back of the branch or stem is checked, and that growth 
is continued by one of the shoots which has arisen lower down. This 
arrest of the disease is, at times, noticeable in vigorous trees at the point 
where a diseased branch joins the main stem. 

In some cases, the disease appears to originate in the roots. This 
has been observed in recently planted out “ stumps,” in Ceylon, Malaya, 
and Burma, in one case in Burma causing the death of 60 per cent, of the 
stumps. The fungus, which is almost always present in the soil, appears 
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to gain an entrance through injuries caused during the period of exposure 
of the roots prior to planting out, though in some cases “ basket ” plants 
(that is, seedlings planted out in the small baskets in which they have 
been raised, and therefore not exposed to injury at the roots during plant- 
ing) have been attacked. It is also suggested that older plants may 
become infected through exposed lateral roots above ground, but this 
appears to be rare. 

The cases of disease in an estate are usually scattered, not in 
groups. They are most numerous and the damage greatest, as a rule, 
in areas where the plants are in some way unhealthy. In old rubber, 
where the trees have scanty foliage and are of slow growth, whether 
from insufficient sunlight, excessive tapping, defective soil conditions, 
or other causes, the disease is said to be most common. In Ceylon, 
however, where die back is said to be due to the combined effect of 
this parasite and another known as Glodosporium alborabrum , young 
trees, one to two years old, are said to be most frequently attacked. 
“ Stumps ” are also very liable to attack, both through the cut end 
of the stem and through the roots. 

The progress of the disease is rapid. In Ceylon it is said to kill the 
tree in a month or six weeks after death of the uppermost branches is 
noticed. In the Federated Malay States, artificial inoculations caused 
the death of five months’ seedlings in about three weeks, while one-year- 
old plants took eight or nine weeks to die ; in both cases inoculation 
was not necessarily fatal, some plants succeeding in checking the disease 
after it had spread backwards for a certain distance. 


An previously mentioned, tins fungus is primarily a parasite of the wood. The medul- 
la, y ra y H turn brown early in the disease ; later, the whole wood assumes a greyish colour, 
ultimately darkening considerably. The outer tissues are attacked later than the wood, 
and latex may continue to be given for Nome time after the underlying wood has become 
diseased. Ultimately, however, the cortex is invaded, the bark turns grey, crooks, and 
]ieelfl off, and the oarabial layer between the bark and the wood in reduced to a black 
mam, pioduoed by the growth of the dark coloured mycelium of the fungus. There id 
usually a sharp line of demarcation between dead and recently infeoted tissue in the 
wood, an the disease in traoed downwards along the branoh. 

The mycelium of the parasite is wholly internal. Large, brown hyphtt aie found 
m the tracheids, running longitudinally and sparingly branched. Others give a more 
abundantly branched growth in the medullary rays. They pass from cell to cell through 
the pits in the Walls, when, these are present, being much constricted at the point of 
passage ; except at this point, the cell walls are not dissolved. Starch is destroyed in 
the affected storage oells. The cambium cells have their contents exhausted and the 
tissue is converted into a black mass, composed chiefly of hyphse. The phloem and 
obrtex are similarly invaded at a later stage. f The hypb* in the wood are always in 
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Advance of thorn* in tho outer tissue**, and may be found four or five inolio* Ik-Iom the 
point wheiH the wood appears dead to the naked eye. 

Pycmdia tjegin to appear on the dying branches after the death of the outei tissues ; 
they have been found after eleven days in some artificial inoculations. On the younger 
parts, they are scattered, showing as very minute, black points sunk in the hark On 
older parts, they tend to be aggregated together in stiomata. They have ahead> been 
described (p.387). An Asoomyoete, Thyridaria tarda , is lielieved to he the perfect 
stage of this fungus, hut only develops on old stromata some months after the death of 
the hranoh in which they occur. The proof of its genetic connection with tho 
Botryodiplodia is not conclusive 

Inoculation experiments on Hevea prove that the spores from the 
pycnidia can infect the plant through wounds only, producing symptoms 
■exactly similar to those observed in natural outbreaks. Un wounded 
surfaces are not attacked. The wound must be deep enough to expose 
the wood. Properly tapped surfaces, where the cambium and secondary 
phloem bordering it are not killed, do not admit of infection. Any dead 
surface involving the wood, such as a dead branch, will allow the parasite 
to enter. The following are some of the chief channels of infection. In 
the planting out of stumps, the cut ends of the stump may be infected 
and also infection may occur, below ground on injured roots : when 
growth commences again, a shoot arises below the cut end, and the latter 
dies down to the point of origin of this shoot ; the dead end can admit 
the fungus. Topping, pruning, wind, animals, and the like, cause wounds 
exposing the wood ; the lower branches also die as the tree grows older ; 
infection readily occurs in such cases. The highest branches sometimes 
die, especially in badly drained or poor soils ; such dead branches permit 
the fungus to enter. Pink disease and black thread may also kill the 
outer tissues, and are frequently followed by die back. 

The parasite extends in dead or dying tissues far more rapidly than 
in living. After a branch has been infected some distance behind the 
apex, and begins to die above the point of infection owing to stoppage 
of the water-supply, the hyphee run upwards into the dying part much 
faster than downwards into the still living tissues. Unhealthy tissues 
are, therefore, more liable to injury by this fungus than healthy, and, in 
general, it is said that the further the plant is from its full condition of 
vital activity, the more liable it is to the “ die back ” disease. Hence it 
has been found frequently to follow on attacks of root disease caused by 
Fomes lignosus or Hymenochcete noxia. In Ceylon, it is said usually 
to follow an infection of the green shoots by QlaosporiuM • alborubrum . 

- The methods of treatment are based on the above considerations. 
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As the fungus grows and fructifies freely on dead and dying wood, 
not only of rubber, but of a number of other plants, proper sanitation of 
an estate necessitates the collection and burning of all fallen wood and 
branches, which should not be left lying about to rot. 

A healthy growth of the plants should be secured by good cultivation, 
avoidance of close planting and excessive tapping, good subsoil drainage, 
and the like, since the parasite is less able to damage vigorous trees. 

Diseased branches should be removed by cutting back until sound 
wood is reached, which is about six inches below the lowest point at 
which discoloration of the wood can be noticed. A sloping surface should 
always be left after removal. Large branches should be taken off flush 
with the stem. It is recommended for this to make three cuts : one, 
*»ight or ten inches from the trunk, from below upwards half through the 
branch : a second, a couple of inches further out, from above downwards 
until the branch breaks off or is sawn through ; and finally, a third, to 
remove the stub flush with the trunk. A smooth surface should be left . 
Branches that die from any cause should be similarly removed. 

All wounds which expose the wood should be tarred, whether thov 
are from pruning, removing dead branches, excising diseased parts, or 
accidental. The cut ends of “ stumps ” should especially be protected. 
Coal tar is recommended in preference to Stockholm tar, as being more 
permanent and offering a better protection against fungi. The tar 
should be applied in a thin layer with a brush. The cut surface should 
be allowed to dry slightly before it is tarred, and the tar should not be 
allowed to run down the side of the branch or trunk. 

"Topping,” and deep tapping with consequent exposure of the 
wood, should be avoided. So also should any danger of killing the bark, 
as by scorching from burning prunings too near the trees. 

As the fungus is universally present in estates, both in the air and 
in the soil, reliance must be placed chiefly on promoting a vigorous growth 
of the trees and on protecting cut surfaces, which expose the wood, against 
its attacks. That it has not caused more damage is, perhaps, due to its 
inherent lack of virulence as a parasite, but it seems to vary in this 
respect and may in the future be found, especially if provided with an 
abundant supply of living food, as in large estates, to develop an accentu- 
ation of virulence sufficient to make it a serious feat. 

Anthraonose ( GJomerdla cingula ta (Stonem.) S. and v. S. - Neozim- 
mermannia Elastic® Koord . = GUsosyorium Elastic® Cke. & Mass.** 
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CoUetotorichum Ficus Koord.). — This parasite, which is amongst the 
commonest fungi found on the. leaves of sub-tropical evergreen plants, has 
already been referred to as causing diseases of tea. and probably chillies 
and coffee, in India. In the United States, it has been found on over 
30 different hosts and has been shown to be of great economic importance. 
It occurs, in rubber-yielding species, chiefly on Ficus elastica , but has also 
been found on Hevea. In India, we only know of it as yet from Burma. 
Ceylon, Java, East Africa, and the Philippines are the other countries 
from which it has been reported as a rubber disease ; while in Europe 
it has been found on Ficus elastica in glass-houses, no doubt introduced 
from abroad. 

The fungus has long been known on Ficus in its conidial stages, of 



which there are two, formerly known as Glceosporium Elastica and 
CoUetotrichum Ficus. As already mentioned, these two genera of /the 
Melanconiace* are not sharply separated from one another, most species 
of Colletotnohum occasionally appearing as GHceosporium, and vice versa. 
Hence it is, perhaps, better to consider the fungus as having a single 
b, Die , 33 
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conidial stage, which sometimes has sterile set® and sometimes has 
node, this being the only distinctive feature of the two forms. 

The conidial stage causes the appearance of large, irregular, 
discoloured patches on the leaves, the biggest sometimes several inches in 
length ; these are often marginally placed. At first the spot is brown ; 
later, the central part is grey, the margin darker, and there is usually 
a light yellow band where it joins the healthy tissue. There may be 
several smaller spots on a leaf, or a single large one, usually situated to 
one side. In the older part of the spot, the conidial beds may be seen 
as minute dots formed on both surfaces, sometimes in distinct concentric 
circles (Fig. 205, 2 ). The dots are usually blackish, but when spore 
production is copious (as in moist weather) may have a pink tint. 

The myoelium occupies all parts of the withered tissues. Tho hyphce collect in 
stroma tio masses just under the epidermis and here tho spore -beds are formed. By the 
pressuie of the continued formation of spores, the epidermiH is ruptured and the spore- 
bed exposed (Fig. 205, 3). 

The spore- bod is formed of dark brown, septate hyphee, united into a disk-shaped 
stroraatio layer of pseudoparenchymatous oells. From this, rows of snort corudiophoreb 
('• basidia ”) arise in a crowded layer, each being unbranched, unsepta^r, colourless (or 
somewhat brown at the base), rounded. above, and 7 to 8 by 3/u. in diameter (Fig. 205, 4). 
Sometimes, at the margin, a greater or less number of dark brown, rigid, sterile bristles 
(“set®”) are found. According to their presence or absence, the fungus may be con- 
sidered a Colletotrichum or a Glceosporium. They are very thick-walled, broader below, 
narrowed to a point at the tip, which is lighter in oolour than the rest, 0 to 3-soptate, 
and 30 to 90 or rarely up to 100 /a long, by 3$/* broad. 

The conidia (Fig. 205, 5-6), are borne singly at the tips of the basidia. They are non- 
septate, colourless (but pale rose in mass), cylindrical or sometimes a little narrowed at 
the ends, straight or very slightly ourved, and mostly 10 to 15 by 3f to 4ft in diainetci , 
though larger and smaller spores can be found. 

They germinato readily in water, often dividing first into two oells by a median 
septum, each of which usually gives out a germ-tube. The further growth fr6m tho 
germ-tube varies according to circumstances. When sown in water or on a leaf of the 
host plant, the hypha branches little and forms at its tip, after a longer or shorter growth, 
a thiok-walled, deep brown or blaok cell, exaotly similar to the chlamydospore-like bodies 
already described in Colletotrichum falcatum from sugaro&ne (Fig. 205, 7). As in the 
latter oase, they have a double function, being both organs of adhesion (appressoria) and 
resting spores. As infection of the leaf usually oeflurs by means of a hypha from these 
bodies and not direct from the oonidium, it is probable that they also serve to accumulate 
enzymio energy to assist penetration. In well-nourished cultures, on the other hand, 
the germ-tube from the oonidium branches into a myoelium, on whioh new oonidia are 
produced, usually at the ends of lateral branohes. The oonidium is detached when 
mature and a second arises in its place j up to 15 have been observed thus suooessively 
formed. Chlamydoepores may also be formed in suoh cultures at a later stage. 

The perfect (perithedal) stage of tho fungus is usually produced on dead parts of the 
host plant, mostly fallen leaves and twigs. The perithecSa arise singly of in little adherent 
groups, and are small (about 100 f* in diameter), round or broad ovoid, blaok, and sunken 
in the host tissues except for the rather long neok, the mouth of which opens to the 
surface (Fig. 205, 8). The neok, which is often from once, to twice the diameter of the 
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peri thorium in length, is provided with hairs, but the rest is smooth. The aeci are cylin- 
drical or club-shaped, measuring 42 to 65 by 7 to Sfi, and with 8 spores arranged in two 
rows (Fig. 205, 9). Spores cylindrical, curved, unioellular, hyaline or very slightly tinged 
brown, 14 to 10 by 3} to 5/*. There are no paraphyses. 

The asoospores germinate in muoh the same manner as the oonidia, usually dividing 
first by a median septum and giving a germ-tube from each oell (Fig. 205, 10). This soon 
ends in a ohlamydospore quite similar to those described above (Fig. 205, ll) t if tho 
spores are sown m water or on a loaf of the host, but give a branched myoelium with 
-copious production of oonidia, if sown in a nutrient solution. This mycelium oannot be 
distinguished from that produced by germination of the conidia. 

Both asoospores and oonidia are capable of reproducing the disease, but the former 
appear to be tho more virulent, artificial cultures from them proving oapable of attacking 
quite sound leaves of young plants of Ficua elastica, whereas those from oonidia usually 
require the leaf to be wounded, or the plant woakened in some way, before jpoalttvu. Insults 
are obtained. Jnfeotion odours by a hypha from one of the approsso^l^riering the 
epidermis directly into an epidermal cell, whence the myoelium spreads from cell to oell 
through the leaf. 

Besides the leaf form of the disease, young stems of Ficus elastica 
have also been observed to be attacked, and have been artificially inocu- 
lated from conidia developed on the leaf. So far as is known, this form 
of attack is not a serious one, though if the parasite were to prove capable 
of establishing itself as a stem parasite (like many of its allies), it would 
be capable of doing far more damage than as a leaf parasite only. 

Remedial measures have not been tried. The fungus is chiefly an 
enemy of Ficus elastica , a rubber tree iu which comparatively little 
interest has been taken of late. The disease also has not been 
reported as doing serious damage ; but it belongs to a group which 
includes so many dangerous parasites, that they are never safe to neglect. 

Several other allied forms have been described on leaves of Hevea 
and Ficus, none of which have proved important. A Glceosporium has 
also been found parasitic on green stems of Hevea in Ceylon and Malaya, 
and is evidently very similar to the fungus described above. 

Hevea leaf spot ( Helminthosporivm Hevece Petch). — This leaf 
disease is eommonly found in young Hevea in nurseries, when the plants 
Are about 3 feet high, in Ceylon. It occurs also in South India, Malaya, 
and Java. 

Attacked plants show .on* the leaves, small, round, purple spots, 
which gradually turn white and are then surrounded by a brownish- 
purple border. They may occur in great numbers, but usually remain 
Amall, not exceeding 5 mm. in diameter. 

Spores are produoed on short hypha; which emerge from the leaf tisanes on both 
soifaoes of the spot. The oonidiophores are Mattered, unbranched, greenish-brown 
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Mid 80 to 200ft long. The oonidia are brown, boat -shaped, with 8 to 11 septa, and 
manure 100 to 120 by 15 to 18/i. 

No treatment seems to be required but, if it became severe, spraying 
with Bordeaux mixture would doubtless check it. It has not beep found 
on full-grown trees and does not oause defoliation even of the young 
plants. 

Cearce Petch). — This species, which 
is known on Ceara rubber trees in 
Ceylon and Malaya, has once been 
reported as doing some damage to- 
young trees (one year old) of 
piaubyensis rubber (Manihot ficvuh- 
yensis) in Assam. The leaves Were 
covered with spots, which caused 
them to crumple up and fall. No 
trees were killed by the attack. 

The spots are found both 
scattered on the leaf surface and 
united into more or less continuous 
bands along the margin. Indivi- 
dual spots do not usually exceed 
} inch in diameter. They are brown at first, then greyish-white in fbe 
centre, with a deep brown border. 

The oonidiophores emerge in clusters on both leal surfaces, and are brown, un- 
fa ranched, with numerous knee-bends towards the top, septate, and of variable length 
on different spots, from 40 to 100/x, by 4 to Bp broad. 

The oonidia are almost colourless or pale olive-green, straight or curved, tapenng a 
little towards tho tip, 5 to 10-septate, and measure 40 to 110 by 4 to 6/*. 

No remedial measures have been tried, but it would probably be 
advantageous to remove affected leaves in the early stages of attack. 


Ceara leaf spot ( Cercospora 



Via. 206. Oeara leaf spot ( C*rcon>ora 
Clara ) : la. if of piaubyoiisis rubber 
with spots, x 1 ; oonidiophores and 
conidia, x 200 
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1916. Grey Blight. — Sawada: Fungus diseases of the Tea Plant in Formosa (Jap.) 
Spec. Rep. Ag. Expt. Stat., Formosa, H. Tanaka : New Japanese Fungi; Myoolog}a» 
IX. Klbbahn : Beitr&ge zur Kenntms der Fungi imperfeoti, III ; Myool. Oentralb., TV. 
Petch : Report of the Govt. Mycologist; Ciro. R. Bot. Gard., Ceylon, IH, 21 
Collett : Notes of observations of some Tea diseases ; Trop. Agrio., XIX. 8n*PsoN i 
Ann. Rep. of the Govt. Botanist in Ann. Rep. Dept. Ag., Uganda, 1910. 
B» DOI 34 
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Leif Spot. — Petch : Report of the Govt. Mycologist ; Giro. R, Bot. Gard., Ceylcr, 1J X» 
21. Thread Blight— Rep. R. Bot. Gard., Ceylon, 1906 (Trop. Agrio., XXIX, Suppl.). 
Pbtcjh : Revisions of Ceylon Fungi, 111; Ann. Peraden. V. 1 b.: Horse-hair Blights; 
ib, VI. Richards : Myoologist'e Rep. for 1612-13 ; The Malay Penin. Ag. Ass. Sawada: 
Hypochnus on some cultivated Plants in Formosa ; Bot. Mag., Tokyo, XXVI. Sooty 
Mould.— Sydow A Butler : Fungi Indie Orientalis, 117; Ann' Myc., -IX, p. 386. 
Black Blight —Sydow A Butler ; ib., p. 389. The isseh : Die Gattung Astenna ; 
Abh. K. K. Zool. Bot. Gesells., Wien, VII, 3. Canker.— Titnstall : Fungus blights of 
Tea in north-east India during the season 1916 ; Quart. Jn. Ind. Tea Ass., 1917. Seedling 
disease — Hope A Carpenter: Report on disease in Tea seed nurseries; Ind. Tea 
Ass., Bui. 5, 1909. Petch: Miscellanea; Trop. Agric., XXXV, 3. Bernard: Sur une 
maladie dos jeunes Plantes de ; Bui. Dept. Ag. Indos N6erl , XL Seed Mould . — 
Antram : The Tea seed Bug ; Quart. Jn. Ind. Tea Ass., I, 4 ; 11, 1. 


CHAPTER XIII. 

Coffee. 

General — Delacroix: Maladies des Cafeiere ; L’Agric. Prat Pays Chauds, VT1 — 
VIII. Burs: Notes sur lew maladies des Cafeiere ; ib. VI. v. Faber: Die Krankhciten 
und Schadlinge des Kaffces ; Bakl. Centralb., 2nd Ab., XXI— XXIII. Zimmebmann : 
Die Parasiton des KaffeeB ; ib, V. Ib. : Eenige pathologischo on physiologischf waame- 
mingen over Koffie ; Meded ’sLands Plantent., LX VII. Fawcett : Fungus diseases 
of Coffee in Porto Rico ; F. R. Expt. Stat. Bui XVII. Anstead, Coleman, and others : 
Numerous notes in Planters’ Chronicle, esp. X — XIII. (The chiof rofcrlWes will l»t* 
found in the above. The following are mostly additions). Leaf disease . — Fauchere : 
Culture pratique du Caf&er, Ac. ; L’Agnc. Prat. Pays Chauds, VI — VII. v. Faber : 
Zur Infektion und Kcimung dor Uredosporen von Hemiloia vastatrix ; Ber I)eut. Bot. 
Gesells ,- XXVIII. Ib. : Einigos ueber die Hcmileia-Krankheit dor Kaffoepflanze, &c. ; 
Tropenpflanz., XIII. De Wildeman : Lcs maladies du Cafeur au Congo ind^pcndant . 
C R., 142. Coffee diseases in East Africa ; Kow Bui., 1013, p 168. The Coffee industry 
in the Island of Luzon ; Phil, Ag. and For , I, 8. Barrett : Coffee Blight in the Philip- 
pine Islands ; Phil. Ag. Rev., V. Pole Evans : Rep. of the Plant Pathologist in Ann. 
Rep. Transvaal Dept. Ag , 1906-7, p. 165. Informations di verses ; Jn. d’Agric. Trop , 
XII, pp. 187, 220, 379. Harman : Report on Coffee Leaf disease (Hemileia vastatrix) ; 
Mysore, 1880. Sydow A Butler : Fungi Indiee Orientalis, I ; Ann. Myc., IV, p. 440. 
Cyhealibr : Le “ Cuff ea exoelsa ” ot sa culture ; Jn. d’Agric. Trop., XIV, p. 193. 
FauOBEBE : Le Coffea oongensis var. Chalotii & Madagascar ; ib, X, p 1. Cramer : 
L'influenoe de l'Hemileia vastatrix sur la culture du Caf£ k Java ; L’Agron. Trop., II. 
De Wildeman : Ratlriaux pour une 6tude botanioo-6oonoinique du genre Coffea ; Ann. 
Jard. Bot. Buitenz., 3rd Supple., 1910. Van HalL: Robustaand some allied Coffee 
species; Ag. Bui. F. M. 8., I. Ib: Gegevens over Robusta— en aanverwante Koffi- 
■esoorten ; Teysmannia, XXX III. Dowson : Ann. Rep. of the Mycologist in Ann. Rep. 
Dept. Ag., Rr. E. Afr., 1913-16. Small : Ann. Rep. of the Govt. Botanist in Ann. Rep. 
Dept. Ag., Uganda, 1915-17. Kdleroga. — v. Hohnel: Fragment* zur Mykologie, X; 
Sitz. K. Akad. Wiss., Wien, Math.-Natur. KJ., CXIX, 1, p. 395. Coleman : Black 
Rot of Coffee ; Planters' Chron., X, 16. Fawcett : Pellicularia Koleroga 6n Coffee in 
Porto Rioo ; Jn. Ag. Rest'll. Kutter : Zilverdraadriekte der Koffie in Suriname ; 
Dept. Landb. Sur., Bui. XXVIII. Cameron : Report on Coffee Leaf disease in Coorg ; 
Trop. Agrio., XVJIL De Wildeman : Los maladies du Caf&er au Congo independent , 
C. R., 142. Stomp Bob— (See under Tm Stamp JtoQ, Pitch : Root dmeea of Tea ; 
Ciro. R. Bot. Gard., Ceylon V, 11, p. 107. Anstead j Root diseases ; Planters’ Chron. 
X, p. 106, XIII, p. $]. Small : Ann. Rep. of the Govt. Botanist in Ann. Rep. Dept, 
Ag. f Uganda, 1916. Leaf Spot. — Ashby : Diseases of Cocoes and other crops Bpl. 
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CHAPTER XIV* 

Rubber. 

General— Petoh : The physiology and diseases of Hevea brasilicnMiH. Is. ; Tli*. 
Fungus dweasw of Hevea brasiltensis ; Rubber Reoueil. Rutubrs A Arens: 
Diseases of H^voa brasiliensis in Java ; ib. Rutgers : Ziekton en BescUadigingen van 
Hevea brasiliensis op Java ; Meded Labor. Plantonziek., Buitenz , X. Canker — Rorxr : 
Pod rot. Canker, and Chupon-wilt of Cacao caused by Phytophthora «p. , Bui. Dept. 
Ag , Trinidad, IX, No. 65. Fetch : Caoao and Hevea Canker ; Circ. R. Bot. Gard., 
Ceylon, V, 13 Rutgers: Hevoa-Kanker, I— TII ; Meded. Labor, Plantenziek, Buitenz., 
II, IV, A XXVIII. Gehemann : Krankheiten und Schildlinge tier Kulturpflanzen 
auf Samoa ; Arb. K. Biol Anst , XI, 1. Black Thread — McRae : Note on Phytophthora 
Mead ! i on Hovra brasiliensis ; Jn. Bom Nat. Hist. Soo , XXV. McRae A 
Anstead : Abnormal Leaf fall of Hevea Rubber ; Planters’ Chron , XIII, p. 38. 
Dastur : Phytophthora sp on Hevea brasiliensis ; Mom Ag. Ind , But., VIII, 5. 
Rutgers: Hevea-Kanker, I— III ; Meded Labor. Plqntenziek., Buitenz, II, IV, 
& XXVIII. Bklgrave : Notes on bark Cankers and their treatment ; Ag. Bui. 
F. M. S., VI, 1 Ib. : Further noteH on Blaok-stripo Canker ; ib, VI, 3. Richards : 
Diseases of the leaves and stem of Hevea brasiliensis in the Malay Peninsula; 
tb, V. Pratt : Preventive measures agomst Black-thread ; »6., V. Bryce : 

Diseases of Hevea brasiliensis ; Trop. Agric , XLVJII. Pink disease . — Brooks 
A Sharples : Pink dtoease ; Dept. Ag , F. M. 8., Bui. XXL Is. : Pink disease 
oi plantation Rubber ; Anu Appl. Biol , II Rorer : Tho Pink disease of Caoao ; 
Bui. Dept Ag, Trinidad and Tobago. XV. Petoh: Misoelianea , Trop. Agric., 
XXXIII, 5. Zimmermann: Ueber eimge auf tropischen Kulturpflanzen boobaohtete 
Prize, I ; Bakt. (Jentralb., 2nd Ab., Vll. Brown Root disease.— (See under Coffee Stump 
Rot). Bancroft : Brown root disease of Para Rubber ; Ag. Bui , 8. 8. and F. M. 8., 
April, 19U. Brooks : Observations on some diseases of plantation Rubber in Malaya i 
Ann. Appl- Biol., II. Die Back — (Seo Dry Rot of Sugarcane and Internal Root disease 
of Tea). Petoh : Die Baok of Hevea brasiliensis ; Circ. R. Bot. Gard., Ceylon, IV, 
23. Ib : Descriptions of New Ceylon Fungi ; Ann. Peraden., III. Brooks : 1. o. Anthrac. 

n09i Koorders: Botanischo Untereuchungen ueber einige in Java vorkommende 

Prize, Ac. ; Verh. K. Akad Weten., Amsterdam, 2nd Sect., XIII, 4. Shear A Wood : 
Studies of Fungous parasites belonging to the genus Glomerella ; U. S. A. Dept. Ag., 
Bur. PI. Ind , Bui. 252. Hevea and Ceara Leaf Spots.— Petoh : Descriptions of new 
Oylon Fun g i ; Ann. Peraden., III. Bancroft : A note on the leaf diseases of Para 
Rubber ; Dept. Ag., F. M. S., Bui. XIV. 




INDEX. 


Absorption nl food by fungi, 47, 50. 
Acacia, Corticium salmumcolor on, 409 ; 

edible rust oi, 91 ; woody gall of, 85. 
Acanthostigma parasitioum. absorption 
of food by, 48 

Acclimatisation, influence on disease, 42, 
117 

Acervuh, 18. 

Acids, influence on parasites, 112, 121, 123, 
503 

Acropetal formation of spores, 23 
jEcidiospores, 24, 29. 

AScidium, formation of, 29. 

A£cidium osculentum, effect on inflorescence, 
91 ; JE Jaoobsthftlii, effect on leaves, 
90 ; JE montanum, 80 ; JE. on coffee. 
471. 

Agaric us me lie us, air requirements of, 112 ; 
resin flux produced by, 102 : rhizomorplis 
of, 11 

Agave (*ee Sisal) 

Age of tissues influences infection, 44, 68, 
72, 119. 124. 472. 

Air, influence on parasites, 97, 111 
Alder trees, Valsa oxy stoma on, 117 
Alkalies, influence on purasites. 43, 112. 
Altemana, effect of nutrition on, 53 ; A. 
Brassicee, 57. 81 , 273, 300 ; A fasciculatu, 
290 ; A. on cotton, 43 ; A. on melon, 300 ; 
A. Solam, 8S7, 304. 306. 

Amaranths (see Chua). 

Amaranthus pamculatus (see Chua). 
Ampliicorpssa, deformed nuolei of, 93. 
Anesthetios, influence on cereal mildew, 63 : 

influence on cereal rusts, 125; {see Ether). 
Anastomoses, 9. 

Anatomical factors influencing disease, 72, 

119. 

Anohor cells of cobweb disease of coffee, 
486 ; of thread blight of tea, 459. 
Andropogon'halepensis, diseases of, 206, 
211, 212, 215, 218 
Andropogon Sorghum (see Jowar). 

•Anemone rust, dormant mycelium of, 58. 
Annual rings, action of fungi on, 97, 112. 


Anthuridium, 25. 

Anthocyun formed by fungal action, 03. 

Apium graven] ens (see Celery) 

Appendages of penthecia of EryeiphacnO), 
174. 

, Apple, Corticium salinomcolor on, 499 ; 
mildew, 58; scab, 70, 72, 81, 100 (see 
Venturia ineequulis) 

Approssoria, 68, 09. 

Arabis, Cystopus on, 297. 

Aruchis hypog&a (see Groundnut) 

Arcoa |in]m, Fumes lmidus on, 102. 

Argeraone, Pcronospora on, 345 

Arhar (see Pigeon pea). 

Arrowroot, sclerotiul disease of. 41 1 ; 
(Sphaerustilbe repens on, 435. 

Arthrobotryura sp ( sjiorophore and spores 
of. 17. 

Artucarpus, Corticium salmoiucolor on, 499. 

A sci, formation of, 22, 25. 

Asoochyta Pisi, 17, 2(iS. 

Ascomycctos, characters of, 36. 

Ascospotos, 22, 24 

Ahcus, 21. 

Asparagus rust, influtnc* of shodo on. 111 ; 
resistance to, 126 ; specialisation of 
parasitism in, 62 

Aspergillus niger, mutants of, 53- 

Astenna Camellia*, 462, 403. 

Asterocvstis rncbcis, localised infection by, 

68 . 

Atrophy, 91. 

A vena fatua, smut of, 182. 

A vena sativu (see Oat) 

Bicillus coli on potato, action of, 43 ; 
B. solanacearum, 274, 303, 305, 333; 
gum produced by action of, 101, 102; 
B tumefaciens, leafy shoots caused by, 
89. 

Bacteria, 4. 

Bagrada picta, connection with ooffee seed 
mould, 460. 

Bajra downy mildew, 89, 218. 
rust, 223. 
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Bajra smut, 224. 

Bamboo, thread blight on, 457. 

Barberry, rust of, 59, 60, 62, 154 ; witches’ 
broom on, 86. 

Barley covered smut, 184. 
late blight, 187, 180. 
loose 'smut, 184, 185. 
mildew, 62, 120, 123, 124. 
rust, 61, 63, 72, 119, 125, 185. 
stripe disease, 166. 

Basidiomyoetes, characters of, 37. 
Basidiospores, 24. 

Basidium, 24. 

Basipetal formation of spores, 23 
Bathua downy mildew, 317. 

Boan anthraonosc, 256 ; resistance to, 126’ 
leaf spot, 261. 
powdery mildew, 256. 

Rhizootonia on, 263. 
rust, 29, 260 
Beet leaf spot, 72. 

Berberis, effect of .flSoidium Jaeobsthalii 
on, 90 ; (see Barberry) 

Betel poppor ( see Pepper). 

Bhindi mildew, 306. 

Biological speoios, 61. 

Bordeaux mixture, 173. 

Botryodiplodia Thoobrom®, 383, 385, 445, 
509. 

Botrytis. effect of cuticle on infeotion by, 
72 ; B. cinerea, action on oell walls, 96, 
102 ; enzymic activity of, 68 ; influonoo 
of nitrate, 122; of reaction, 112; pene- 
tration assisted by organic debris, 66 ; 
toxic substances in, 51. 

Braohypodium, cereal rusts on, 160 
Brachysporium stage of sooty moulds, 30. 
Brassioas, blight, 81, 300. 

downy mildew, 80, 297 
powdery mildew, 300. 
white rust, 201. 

Breadfruit, Hymenochwto noxia on. 430 ; 
Phytophthora Faberi on, 400 ; stump 
rot of, 359 

Bridging species, 63, 113 
Brinial fruit rots, 305. 
mildew, 271. 

Phytophthora Faberi on, 490. 
Phytophthora parasitica on, 330. 
Rhizootonia on, 263, 305. 

Broocoli, Peronospora parasitica on, 91. 
Brown oak, 52. 

Buohloe, effect of TiUetia on, 88. 

Booty joint, 179. 

Bod xot of petals, 76, 109. 


Bulgaria polymorpha, action on cell walls, 97. 

Burgundy mixture, 142. 

Burrs on Hevoa, 492. 

Cabbage, Fusarium-rosistant varieties of, 
126; wilt, soil temperature and, 115; 
yollows, rotation for, 107; (see Brassicas). 

Cacao. Botryodiplodia Thoobrom® on, 
386, 387, 447 ; brown root disease, 430 ; 
canker, 490 ; Cophaleuros Myooidoa on, 
414 ; Corticium salmonioolor on, 499 ; 
stump rot of, 359. 

Cffloma, 324; C deformans, galls of, 89; 
C. Makinoi, phyllody in, 90. 

Cajanus indie us (see Pigoon pea). 

Calcium oxalate, effects of fungus attack 
on formation of, 93. 

Calluna, mycorhiza of, 54 

Camellia Thoa (see Toa) 

Camphor, Botryodiplodia Thoobrom® on, 
386 ; Corticium salmonicolor on, 499 ; 
Hymenochfflte noxia on, 430 ; Rosellima 
on, 436, 438 

Canker, 82, 483, 490, 495, 501 ;*\reatment 
by oxcision of, 108, 493, 494 

Capnodium brosiliense, 30, 487 ; C Footn, 
462 ; C. on sugaroane, 41 1 

Capsella, Cystopua on, 93, 102 ; Peronospora 
on, 299. 

Capsicum annuum (see Chilli). 

Caraway, Proto my cos on, 359. 

Canon, Glomcrclla pipe rat a on, 356 ; nuclei* 
of Vermicularia on, 9 ; Pythium gracilo 
on. 352 

Carnation rust, alteration in virulenoe of, 
113. 

Carotin in Corticium salmonioolor, 503. 

Carrot, Altomaria on, 300 ; Corcoapora on, 
315 ; Protomyoos on, 359. 

Cassava loaf spot, 310. 

Castilloa (see Rubber). 

Castor loaf spot, 331. 

Phytophthora Moadii on, 494. 
Pythium grooile on, 352. 
rust. 330. 

seedling blight, 326. 

Casuarina, Trichosporium on, 86. 

Catenularia echinata, 383. 

Cauliflower (see Brassitoas). 

Ceara rubber (sea Rubber). 

Celery, effect of Phoma apiioola on cells 
of, 94. 

OeleryNsariy blight* 315. 

leaf spot, 315; influence of tfudo 
on, 111. 
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Cell contents, effects of fungus attack on, 93. 

Cell wall, action of fungi on, 95. 

Cellulose in fungi, 95. 

Cellulose, 6 ; as food for fungi, 51, 95 ; 
defensive deposition of, 94, 281 ; dissolved 
by fungi, 51, 95. 

Coltis, Sphnrothoca on, 6S. 

Cepholandro (see Cuourbit). 

Cephaleuros Myooidoa, 413 ; on mango, 88. 

Caphalosporium Saoohari, 402; anasto- 
moses in, 9 ; sporiforous mycelium of, 17. 

Oophalosporium stage of Fusarium, 247. 

Coratostomolla pilifera, insoots that aid 
mfootion by, 35. 

Orooapora Apii, 315 ; influence of shade 
on, 111 ; C. boticola, influence of age on. 
72 ; C. oanesoens, 261 ; C. Coarse, 516 ; 
C coffeicola, 485 ; C. oonoors, 286 ; C 
oruenta, 261 ; C. Doliohi, 261 ; C. gos- 
sypina, 369 ;.C. longipes, 404; sporo- 
phores and spores of, 17 ; 0. NiootiansB, 
340 ; C. on groundnut, 323 ; O. porsonata, 
319 ; myoolium and haustoria of, 48 ; 
O. Sacohari, 406 ; C. These, 455 ; C 
vaginae, appressoria of, 70 ; C Vignse, 
261. 

Coroosporina rioinella, 331. 

Chemotropism, 64 

Chena rust, 238 
smut, 235. 

Clienopodium album (see Bathua). 

Cherry, Gnomoma orythrostoma on, 104. 

Chestnut bark disoasn, 34 

Chdli anthraonose, 356 ; 

Baodlus Holanaoearura on, 338 
die book, 352 ; influence of shade on. 

Ill, 354. 

mosaic disbar, 342, 352. 
ripe rot, 355. 

Chitin in oc 11 walls, 6 

Chlamydosporos, 14 

Chlorophyll, 4 ; effects of fungus attack on, 
79, 93. 

Chua white rttst, 316. 

Oloer arietinum (we Gram). 

Cinohana, Oortiolum salmouioolor on, 499, 
503. 

Cinnamomum, Cephaleuros Myooidea on, 
414; Hymenoohsete noxia on, 430. 

Cinnamon, Cortioium salmonicolor on, 

499. 

CStrullus (we Cuourbit). 

0trus, die back, 484 ; foot rot, 84 jJBlome- 
rella pipsrata on, 356; scab, 81 ^UstuliiM 
sonata on, 440. 


dadosporium, peaoh scab caused by, 81 ; 
C. Chodati, 230 ; C. epiphyllum, 43 ; 
C. herbarum, 177, 207. 
Clamp-oonneotions, 9^ function of, 27 
Classification of fungi, 36. 

Clasterosporium, peaoh soah caused by, 81. 
Clavioeps, dissemination by mseots of, 35 ; 
C. purpurea, consumption of staroh by. 
52 ; specialisation of parasitism in, 62 ; 
(see Ergot). 

Cleome, Cystopus on, 291. 

Olerodondron, Cladosporium on, 43. 
Climate, mfluonce on disease, 117, 473. 
Clover, anthraonose-resistance in, 126 ; 

Solorotima Trifohorum on, 70. 

Cluster- bean (see Guar). 

Coagulaso in fungi, 52 

Cooa, Cortioium salmonicolor on, 499 ; 

Hymenocheetu noxia oh, 430. 

Coeoinia (we Cucurbit). 

Cooonut, bleeding disease, 84, 385 ; 

Botryodiplodia TUenbrom® on, 386 ; 
Postalozzia palmarum on, 451 ; Ustulinu 
zonata on, 440. 

Coffea species in relation to leaf disease, 
473, 474. 

Coffee anthraonose, 482. 

Botryodiplodia Theobromaa on, 386. 

brown blight, 482. 

brown eye spot, 485. 

brown root disease, 480 

Cephaleuros Myooidea on, 414. 

cobweb disease, 486. 

die back, 483. 

koleroga, 58, 471 ; influence of 

moisture on, 70. 

leaf disease, 467, 408 ; alterations in 
virulence of, 113; conditions 
affecting seventy of, 73, 473 ; 
influenoe of soil on, 117 ; of vigour 
of bush on, 76, 115, 470. 
leaf spot, 481. 
pink disease, 479. 
root diseases, 479. 

Roseilinia on, 436. 
nut, 468. 
seed mould, 466. 
sooty mould, 30, 487. 
stump rot, 359, 470. 
twig disease, 84, 483. 

Coil Laohryma-Jobi (Me Kasi). 
Oolletotrichum Agaves, 374 ; C. Camellia, 
443, 448, 455 ; C. Carreri, 448 coffea- 
num, 482 ; C. falostuta, 391 j a pp r o sa otf a 
_ of, 69 ; infection by, 98, 67 ; inverts can® 
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sugar! 51 ; C. Ficus, 513 ; C. graminioolum, 
217 ; C. ineamatum, 485 ; C. Lineola, 
217; C. Lindemuthianum, 256; C. 
nigrum, 350 ; C. phomoides, 304. 

Colooasia anti quorum (Mr Kachu). 

Columella, 209. 

Conidia, 24. 

Coniferin, 96. 

Coniotheoium stage of sooty moulds, 30. 

Coniothyrium, waxy varieties resist, 119. 

Copper carbonate spray fluid, 143. 

Copper spray fluids, risk of poisoning 
by, 137. 

Copper sulphate treatment for smuts, 169, 
181, 211, 235, 237. 

Corohorus (see Jute). 

Coriander mildew, 361. 

tumours, 359. 

Cork/action of fungi on, 99, 100, 103, 104 ; 
formation of, 99; influence on penetra- 
tion, 72 ; Phytophthora infestans may 
penetrate, 282. 

Corticium Kolernga, 477 ; absorption of 
food by. 47 ; C salmonicolor, 429, 479, 
499 ; influenoe of shade on, 72 ; thyloses 
caused by, 102; C. Sasakii, 410; C. 
Solani, 264 ; C. The®, 460. 

Coryneum Mori, frost may aid infection by, 
67. 

Cotton bolls, dropping of, 84. 

disease resistance in, 114, 126. 
Altemaria on, 43. 
anthraonose, 365. 
grey mildew, 368. 

Hymenoohste noxia on, 430. 
leaf spot, 369. 

. mildew, 363. 

' root rot, 370. 

rust, 363. 
wilt, 107, 126. 

Cowpea, Fusarium-resisting varieties of, 

120 . 

anthraonose. 262. 
die baok. 262. 
leaf spot, 261. 
powdery mildew, 262. 
Rhiaoctonia, 12. 
root rot, 202. 
rust, 200, 262. 

Cress, Cystopus on, 293, 297. 

Crotalaria, Corticium salmonicolor on, 
499. 

Crotalaria junoea (m Bann hemp). 

Crown-gall, effect on tobaooo leaves of, 89. 

Cucumber (Me Cucurbit). 


Cucurbit downy mildew, 311. 

powdery mildew, 314; influenoe 
of shade on, 111. 
root rot, 315. 

Cultivation, influenoe on coffee leaf disease, 
473 ; on tea red rust, 422. 

Curcuma longa (see Turmeric). 

Curouma spp, Taphrina on, 347. 

Custard apple, Corticium salmonioolor on, 
499. 

Cutiole, position of Lhploo&rpon Rob® 
below, 94, 99. 

Cutin, action of fungi on, 99, 102. 

Cutmase in fungi, 52. * 

Cyamo{»iH psoraloides (see Guar). 

Cyologonium oleaginum, digests cutin, 99 ; 
ligmfication caused by, 100. 

Cystopus Bliti, 316; C. candidus, 291; 
attaoks only healthy plants, 45 ; influence 
of temperature on infection by, 71 ; 
nutrient tissue in plants attacked by, 
294 ; specialisation of parasitism in, 61, 
297 ; 0. Ipomceee panduran®, effect on 
host of, 90 ; C. Portulac®, 3M- 

Cytasc m fungi, 52, 95. 

Dahlia, BotrytiB cine re a on, 66. 

Damping off, 79 ; of jute, 373 

Datura, Altemaria Solani on, 290 ; Bacillus 
solanaoearum on, 338. 

Defensive reaction, scheme of, 100. 

Defoliation, 84. 

Delignifioation by fungi, 97. 

Delphinium, Rhizootonia destruens on, 291. 

Deodar, rhizomorphs of Fomes annosus on, 
11 ; witches’ broom of, 87 

Deterioration in disease resistance. 127. 

Deuteromycetes, characters of, 37. 

Diastase in fungi, 52. 

Die back, 79. 

Diplooarpon Bos®, consumes cellulose, 95 ; 
outmisation caused by, 100 ; defoliation 
by, 88 ; sub-outicular growth of, 94, 99. 

Dissemination of fungi, 32. 

Division of cells provoked by fungi, 100, 
104. 

Doliohos (see Val). 

Dolichos sesquipedalia, leaf spot of, 201. 

Dormant state of myoelium, 45, 57, 58, 160. 

Doubling of flowers caused by fungi, 89. 

Drying of spores may aid germination, 71. 

Duan, disease of, 291. 

Sotoparasites, 46. 

Eleusine ooraeana (see Ragi). , , 
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Embryonic tissue, parasites that attack, 
44, 68. 

Emulsin in fungi, 02, 97. 

Endogenous formation of Bpores, 20. 

Endoparasites, 46. 

Endot-hia parasitica, tannin as food for, 
52 ; (see Chestnut bark disease). 

Enzymatic virus of mosaic disease, 342. 

Enzymes in fungi, 51, 52, 95, 97. 

Enzymic activity, greatest in germ-tubes, 
08. 

Epichloe cinerca, atrophy caused by, 91. 

Epidemios, 129. 

Eragrostis tenuilolia, Epichioc on, 91. 

Ergot, disseminated by insects, 33 ; infects 
through ovary, 88 ; specialised races of, 
62 ; (see Clavioeps). 

Eruoa sativa (see Duan) 

Erysiphacore, absorption of food by, 48 ; 
dormant myoelium of, 58 ; influence of 
chmate on perfect stage of. 31- 

Erysiphe Cichorocearum, 306, 314. 338; 
attacks only healthy plants, 45, 116: 
influence of light on. 111 ; E graminis 
on wheat, 173 ; specialisation of para- 
sitism in, 62, 175 ; E. Polygon!, 253, 258, 
262, 300, 361, 362; haustoria of, 69; 
appressoria of, 69 ; specialisation of 
parasitism in, 61, 254 ; E taurioa, 271. 

Erythnna. Botryodiplodia Theobromse 
on, 388 ; Corticium salmonioolor on, 499 ; 
Hymonoohate noya on, 430 ; Roscllinia 
on, 438 ; Spluerostilbe repens on, 435. 

Ether, influonoe on infection, 46, 63, 116, 
124, 125 

Eucalyptus, Corticium salmonioolor on, 499. 

Euchlana mexioana, diseases of, 103, 194, 
199, 218, 223. 

Euonymus mildew, 33. 58, 125. 

Euphorbia, rust, dormant myoelium of, 58 ; 
Uromyoos on, 91, 250. 

Eurya, Exobasldium on, 85. 

Exoascaoen, parasitic life of, 49. 

Exoascus Cerasi, mucilaginous degenera- 
tion caused by, 102 ; E. deformans, 
alterations caused by, 92 ; myoelium of, 
48, 49, 68; E. Pruni, hypertrophy due 
to, 86. 

Exobasidium Eurya, hypertrophy due to, 
85 ; B. vexans, 422 ; infection by, 65, 66. 

Exogenous formation of spores, 23. 

Exudations caused by fungi* 83, 102. 

At and oil in fungus oells, 8. 

Fats split by fungi, 61. 


Fennel mildew, 361. 

Fenugreek mildew, 362. 
rust, 362. 

Ferments in fungi, 51, 62, 05, 97. 

Fertilisers, influence on susoeptibibty to 
disease, 63, 122 ; (see Manure, Nitrogen, 
Phosphates, Potash). 

Festuoa, Puocinia graminis on, 160. 

Ficus, Hymenochato noxia on, 480 ; 
Roscllinia on, 436 ; (see Rubber). 

Finger and toe, rotation for, 107 ; (see 
Plasmodiophora). 

Flax, infection in brfllure of, 65 ; retting of, 

96 ; ruBt of, 324 ; resistance of linseed to 
rust of, 126 ; wilt of, resistance to, 1 14, 
126 ; rotation for, 107 ; (see Linseed). 

Florida bean (see Velvet bean). 

Flower infection, 35, 68 

Fluxes, 83. 

FcBniculum vulgaro (see Fennel). 

Fomes annosus, alterations in wood caused 
by, 96 ; exudation of r.-nin caused by, 84 ; 
dissemination by animals, 35 ; infection 
by, 67 ; rhizomorphs of, 11 ; F. oarneus, 

, consumes cellulose, 95, 96 ; F. juniper- 
inus, action on cell walls, 97 ; F. lignosus, 
441, 506, fill ; F. luoidus, thyloses caused 
by, 102 ; F. nigricans, action on cell 
walls, 97 ; wood gum not affected by, 95, 

97 ; F. pimoola, consumes cellulose, 90 ; 
F. rimosiiH, destroys medullary rays, 97 ; 
F. semitostus, 441, 506, 507 ; F. texanus, 
action on cell walls and wood, 97. 

Food of fungi, 41. 

Foot rot of orange, 78 ; treatment by exci- 
sion, 108. 

Formalin tRhatment for smuts, 170, 181* 
211, 235, 237 

Freezing of spores may aid germination, 
71. 

French bean (see Bean). 

Frost, cankers caused by, 82; defoliation 
caused by, 84 ; may aid infection, 63, 67, 
118 ; may kill branches, 79. 

Fruit, dropping of, 84. 

Fruit rots, plaamolysis in, 93 ; prevention 
of, 109 ; weak parasites may cause, 83. 

Fungioides, 131. 

Fusarium, action of potato-rotting species 
of, 93, 95; F. Hordoarium, oonsymes 
cellulose, 95 ; F. Lyoopersioi, 304 ; F. 
udum, 244 ; anastomoses in, 9 ; chlamy- 
dospores of, 14. 

Fusarium wilts, dissemination of, 35 » 
plants resistant to, 125 ; relation to soil 
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of, 112; rotation for, lt7 ; saprophytic 
life of, 44. 

Fusidadium, action on cell wall, 99 ; (sec 
Venturis ). 

Galactinia sucoosa, nuolei of, 9. 

Gall-formation by fungi, 5}. 

GaIIm, 84 ; infeotion of, 88, 124. 

Garlic mildew, 271. 

Go mm®, 14. 

Gernniunii, Venturis on, 102. 

Gorm-tubo, 6. 

Ginger soft rot, 348. 

Olonosporium al boro brum, 510, 511; G. 
coffoanum, 482; G. Elastic®, 512; G. 
Lindemuthianum, 256 ; G. piperatum, 
355 ; G. The®, 451. 

Glomorella oingulata. 262, 304, 355, 443, 
448, 482, 512 ; pentosanoso in, 95 ; G. 
GosBypii, 365 ; G. Lindemuthianum, 
256, 262, 267 ; specialisation of para- 
sitism in, 61, 260 ; G. Lyoopersici, 304 ; 
G. piperata, 304, 308, 355. 

Gluoosidos split by fungi, 51, 97. 

Glycine hispida (see Soy bean). 

Glycogen in fungus cellR, 8. 

Gnomonia erythrostoma, action on leaves, 
104. 

Gooseberry mildew, American, 34 ; influ- 
ence of nitrogen on, 122. 

Oossvpium (see Cotton). 

Gourd (see Cuourbit). 

Grape (see Vine). 

Gram blight, 268. 
rust, 271. 

Wilt, 107, 271. 

Grevillea, Corticium salmonioofor on, 499 ; 
Hymcnoch®te noxia on, 430, 479 ; 
Rosollinia arenata on, 438 ; R. bunodes 
on, 359 ; Ustulina sonata on, 438. 

Groundnut, Bacillus solanacearum on, 338. 
root rot, 323. 
tikka disease, 319. 

Groundnuts, deterioration in, 128. 

Guar leaf spot, 273. 
mildew, 271. 

Quignardia Bidwellii, does not oonsume 
starch, 52 ; effect on oell contents, 93 ; 
hypertrophy oaused by, 104; influence 
of weather on, 444 ; sub-ouUottiar growth 
of, 99 ; (see Vine black rot). 

Gum, exudation tld, 84, 102. 

Gum-formation in tobacco bacterial wilt, 
101, 330. 

Gummosis, 102. 


Gummy degeneration, 9, 101, 102. 

Hadromal, 96. 

Hadromase in fungi, 52, 97. 

Hnmatoohrom in Cephaleuros, 417. 

Hairs may prevent infeotion, 72. 

Hapalophragmium ponderosum, gall ofr 
85. 

Haustoria, 46, 48, 49, 50, 69. 

Hawthorn, Roostolia on, 104. 

Heart -wood, action of fungi on, 95, 97. 

Helleborua, dormant mycelium in, 68. 

Holminthosporium Aven®, 183, 187 ; H 
gramineum, 186; H. Hevee, 515; H. 
nodulosum, 241 ; H. Saochari, 406 ; 
germination of spore of, 7 ; H. teres, 187, 
189 ; H. turcioum, 201, 218. 

Hemi-parasites, 42. 

Hemi -saprophytes, 42. 

Homileia Canthii, 468 ; H vastatrix, 468 I 
appressoria of, 09, 70, 472 ; influence of 
light on, 71, 472; (see Coffee loaf disease) ; 
H. Wondii. 468. 

Hendersonia theicola, 455. 

Hendersonina Saccharf, 388 ; anastomoses 
in, 9. 

HetercBcism, 59. 

Hevea (see Rubber). 

Hibernating mycelium, 58 

Hibiscus csoulentus (see Bhindi) 

Holigarna, Rosellinia bunodes on, 358 

Hollyhook rust, alteration in virulence of, 
1 13 ; dormant mycelium of, 45, 58 ; 
myooplasm of, 161. 

Honey dew. 30, 411, 487. 

Hordeum sylvatioum, mildew of, 62, 124, 
175. 

Hordeum vulgaro (see Barley). 

Hormodendron cladosporioides, 178. 

Horse-hair fungi, 11. 

Host plant, 42. 

Hot-water treatment for smuts, 165, 181, 
185, 211, 238. 

Humidity, influence on disease, 110, 117. 

Humin bodies produoed by action pf Meru- 
; lius, $5 

Hybridisation and disease, 126. 

Hybrids may act as bridging speoies, 64. 

Hydrotropism, 64. 

Hymenium, 19*. 

I Hymenoch®«e noxia, 429, 480, 006. 

] Hyosoyamus, AHeraaria Solan! on, 290. 

Hypertrophy, 84, 103. 

Hypha, 6. 

I Hyphopodia, 462, 463. 



INDEX. 


Hypnohnus Sasakii, 410 : H. Solani, 2€2 t 
200, 305, 315, 323; basidia and sporidia 
of, 21. 

Immunity, 114 

Inoubation period, 57 ; may vary with ago of 
tissues, 472; with temperature, 45, 100. 
Indigo, Bacillus Bolanaooarum on, 338 : 
Botryod'plodia Thoobrom® on, 385 ; 
Cortioium salraonioolor on, 409 ; damp- 
ing off of, 79 
Infection, 64. 

Inflorescence altered by fungus attaok, 01. 
Insects may a>d infeotion, 35, 63, 67, 116, 
401, 454 ; may prevent infection, 45 , 
may disso inmate fungi, 35. 
Intumescences caused by Bacillus solnna- 
coarum in tomato, 89. 

Invertase in fungi, 52 
Ipomoaa, Oystopus on, 90. 

Iris, Heterosporium graoilo on, 124 
Italian millet (see Kangni) 

Jasmine, Corticium salmonicolor on, 499 . 

UromyooH on, 103 
Job’s Tears millet (see Kasi) 

Jowar downy mildew, 203 
gram smut, 208. 
head smut, 214 
leaf blight, 218 
long smut, 215 
loose smut. 212 
red leaf spot, 217 
rust, 206. 

Jute, damping off of, 79; rotting of, 96; 

Bhizoctonia of, 12, 372 
Jute, root rot, 372 

Kaohu blight, 306 
Kangni green oar disease, 232 
rust, 233. 
smut, 234. 

Kasi blaok loaf spot, 243 
nut, 242* 
smut, 242. 

Khesari downy mildew, 268 
rust, 268. 

Kodra rust, 240 
smut, 240. 

Kuehntfola Fioi, promyoolium and sporidia 
of, 21 J K. desmium, 364. 

Kulfa white rust, 318. 

Kulthi Val). 

Kutkirust, 238. 

Xtaooaae in fungi, 52. 
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Lnstadia Bidwellii, 444 (eee Ouignardia) ; 

L. Camellias, 443 ; L. Then, 443. 
Lagenaria (eee Cucurbit). 

Lantana, Cortioium mlmonioolor on, 499. 
Larch oanker, attaoks young trees most, 
119; influence of soil on, 117, 124; 

insoots that aid infection by, 35. 

Latov, exudation of, 84. 

Lathyrus sativus (eee Khoaari). 

Lathyrus sylvostns, downy mildew of, 252. 
Launoa asplonifolia, rust of, 58, 90. 

Loaf fall, 84. 494. 

Ledum, Solerotinia on, 59 
legislation against fungus diseasos, 36 
Lens esculenta (see Lentil), 

Lentil, Rhizoctoma destruens on, 291. 
rust, 29, 202 

Lentinus lopideus, act ion on cell walls, 97. 
Lenzites sepiaria, action on wood, 98 
Loptosphffiria herpotrichoidcs, prevents 
thickening of walls. 102 ; L. Sacchari, 21, 
3S1 ; L Tritici, 175 ; infeotion by, 66 
Lettuce mildow, etiolation predisposes to, 
1 20 ; phosphates predispose to, 123 
Lichens, 5, 54. 

Light, influence on disease. 111 ; influence 
on spore germination, 71, 472. 
Lignifloation, 96. 

Lignified walls, action of fungi on, 96. 

Lilac, Polystictus voftsicolor on, 97. 

Limaoinula The®, 461. 1 

Lime blaok root disoaso, 359, 436. 

Lime, influence on disease. 124 ; used for 
soil disinfection, 135. 

Lime-sulphur spray fluids. 144. 

Linseed rust, 324. 

Linum usitatissimum (see Flax, Linseed) 

Lipase in fungi, 52 

Lits®a, Roscllinia bunodes on, 358. 

Ixdium tcmulcntum, symbiotic fungus of, 
53. 

Loquat, Cortioium salmonicolor on, 499 ; 

thread blight on, 457. 

Luffa (see Cucurbit). 

Lychnis smut, 58, 88. 

Lycopersicum esculentum (see Tomato): 

Kaorosporium Lyoopersioi, 306 ; M. 

Tomato, 290, 304, 306. 

Maize downy mildew, 191. 
head smut, 199. 
loaf blight, 201. 
rust, 103. 

smut, 194 ; generalised infection by, 
46, 116, 124. 
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Mandua (see Ragi). 

Mango, Botryodiplodia Theobrom® on, 
386; Oorticium salmonioolor on, 406; 
eflfeot of Cephaleuros Myooidea on, 88 ; 
red rust, 100, 414 ; thread blight, 467. 

Mangold rust, 123. 

Manihot Glazovii (see Rubber). 

Manihot piauhyensis, 616. 

Manihot utilissima (see Cassava). 

Manure, diseases carried by, 100, 160; 
influence on coffee leaf disease, 474 ; 
influence on jute root rot, 373 ; influence 
on potato blight, 284 ; influence on 
tobaooo wilt, 337. 

Maranta, sclerotial disease of, 411 ; Sphee- 
rostilbe repens on, 435. 

Marssoma Juglandts, acervulus of, 17. 

Matricaria, Poronospora on, 00. 

Medicago, downy mildew of, 266. 

Medullary rays, action of fungi on, 07, 
103. 

Molampsora Lini, 324. 

Melampsorella Ricini, 330. 

Melanopsiohium austro-amencanum, pro- 
myoelium and spond'a of, 21. ~ 

Mclanospora damnosa, influence of soil on, 
124. 

Molilotus, downy mildew of, 266. 

Melon, Altomaria on, 300 ; (see Cucurbit, 
Watermelon). * 

Merourjalis, Synohytrium on, 104 

Marulius lachrymans, hadromasc in, 87 ; 
humin formed by, 05. 

Mioron, 65. 

Middle lamella, action of fungi on, 05, 110. 

Moisture, influence on black thread of 
rubber, 498 ; on blister blight of tea, 429 ; 
on Brassiea blight, 302 ; on coffee leaf 
disease, 473 ; on Colocasia blight, 308 ; 
on copper blight of tea, 444 ; on cucurbit 
mildew, 313 ; on infection, 70, 110, 119 ; 
on pink disoase of rubber, 503 ; on potato 
blight, 283 ; on spore germination, 70 ; on 
tobacco mildew, 339 ; on tobacco vAlt, 336. 

Momordica (see Cucurbit). 

Monilia fructigena, penetration assisted by 
fruit juices, 06. 

Mosaic disoase, 341. 

Moth (eee Bean). 

Mucor, effect of nutrition on, 53 ; M. Prainii, 
gemmae of, 14 ; mycelium of, 8. 

Muouna (see Velvet bean)- 

Mulberry, Goryqsum Mori on, 67 ; Nectria 
cinnabarina on, 67 ; Folyporas hispidus 
pn, 108. 


Mung (see Bean). 

Mustard (see Brassioaa). 

Mycelium, 6. 

Myoeloderma cutioularis, cell division 
induced by, 101. 

Myooplasm, 161. 

Myoorhiza, 54. 

Myooephaerella coif ei cola, 481 ; M. Fraga- 
rlse, influence of shade on. 111 ; M. 
gossypina, 360 ; M. pinodes, 268 ; M. 
Tuiasnei, 177. 

Mylitta lapidescens, 13 

Myxomycctos, 5. 

N eoator dcoretus, 601. 

Nectria Bolbophylli, 31, 249; pcrithecium 
of, 17 ; N. cinnabarina, on tea, 463 ; 
frost may aid infection by, 67 ; thy loses 
caused by, 102 ; N. ditissima, 463 ; N. 
galliguna, may enter through lenticcls, 67. 

Nectrias, conveyed by insects, 35. 

Neooosmospora vusmfoota, 32, 245, 249 ; 
asoi and ascos pores of, 21 ; conidia of, 21. 

Neozimmermannia Elastic®, £12. 

Niootiana (see Tobacco). 

Nitrogen, influence on disease, 122, 177, 284. 

Nucleus, 7, 9 ; effects of fungus attack on, 
93, 04. 

Nutrition, effects on fungi of different, 52 ; 
influence on diseuse, 122. 

Oak mildew, alteration in virulence of, 113 ; 
effeot of faotorv smoke on, 116; myce- 
lium of, 48. 

Oat leaf spot, 183, 187. 
mildew, 62. 
rust, 180, 182. 
smut, 179, 180. 

Oidiopsis taurica, 271, 362 ; O. taurica var. 
lanuginosa, 361. 

Qidium Balsami, 300 ; O. on ootton, 303. 

Oogonium, 25. 

Oospora, potato scab caused by, 81. 

Oospore, 25. 

Opium poppy blight, 344. 

downy mildew, 344. 
root rot, 346. 

Orange blue mould, 83; Botryodiplodia 
Theobrom® on, 885 ; Cortioium salmo- 
nioolor on, 499 ; foot rot, 78, 108. 

Orchids, jnydorhiza of, 64. 

Orysa sativa (see Rice). 

Palm, bud rot of, 76, 108. 

Palmyra palm disease, 34, 
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Panioum Grus-galli, smut of, 288. | 

Panioum frumentaceum (see Sawan). 

Panioum miliaoeum (see Chena). 

Panioum miliaro ( see Kutki). 

Panioum repons, rust of, 238. 

Panioum spinesoens, smut of, 238. 

Papaver somniferum (see Opium), 

Papaver spp , Peronospora on, 345. 

Papaya, Botryodiplodia Theobrom® on. 
380 ; Phytophthora Faberi on, 490 ; (set 
Carioa). 

Para rubber (see Rubber). 

Paraphyses, 19. 

Parasites, 42 ; life-history of, 50. 

Parasitism, origin of, 43. 

Parsnip, Cercospora on, 315 ; Protomyoos 
on, 359. 

Paspalium sorobiculatum (see Kodra). 

Pea downy mildow, 261. 
powdery mildew, 253. 
rust, 29, 254. 

Poach leaf -curl, 48, 49, 58, 92 ; mildew, 45 ; 
scab, 81 ; Hhot hole, 81. 

Pear, Fusarium putrefaoiens on, 119 ; scab, 
70, 81, 100 (see Vonturia pinna). 

Pootio bodies dissolved by fungi, 51, 95. 

Pectinase, 62, 97. 

Polargonium, Botrytis cincrea on, 00. 

Pellicularia Koloroga, 477. 

Penetration of plants by fungi, 64 

Ponicillium, effect of nutrition on, 53 ; 
germination of spore of, 0 ; in tea seed, 
405 ; may attack fruit, 83 ; P glaucum, 
penetration of living plants by, 05. 

PenniBetum typhoideum (see Bajra). 

Pentosanaso in fungi, 95. 

Pepper, Cortioium salmonioolor on, 499. 

Rhisootonia destruens on betel, 
291. 

stump rot, 357. 

Peptonising aotion of fungi, 51. 

Perennial mycelium, 58, 80. 

Perfeot stage of a fungus, 25 ; late develop- 
ment of, 50. 

Foridermium, resin flux produoed by, 84, 
102 ; P. Oedri, witches’ broom caused by, 
87. 

Peridium, 29. 

Beritheoium, 19. 

Peronospora, preference for healthy plants, 
45 ; P. arboresoens, 344 ; P. effusa, 317 ; 
P. farinosa, 318 ; P. parasitioa, 80, 897 ; 
infection by, 45, 66 ; leaf spotting by, 80 ; 
reversion caused by, 91 ; P. Radii, effect 
on flowers, 91; P. Trifoliorum, 266; 


P. Trifoliorum var. manshurioa, 266; 
P. Vioia, 17, 851, 26a 

Pestalozzia Cuopini, 413, 451 ; P. palma- 
rum, 413, 451 ; P. Then, 451. 

Phalaris, Puocinia glumarum on, 160. 

Phalloids disseminated by flies, 35. 

Phasoolus (see Bean). 

Phoma apucola, effeot on ooIIb, 94 ; P. 
CameTli®, 443. 

Phosphates, influence on disease, 112, 123, 
17f, 284. 

Phototropism, 04. 

Phyoomyootes, characters of, 311. 

Phyllachora Coicts, 443. 

Phyllody, 90, 104. 

Physiologioal offoots of spraying, 138. 

Physiological factors influencing disease, 
73, 120. 

Physiological species, 60. 

Phytophthora Colooasi®, 306 ; chlamy- 
dospores of, 14 ; influenoo of light on, 71 ; 
haustoria of, 50; infection by zoospores 
of, 05 ; P. erythroseptica, 282, 286 ; P. 
Faheri, 490 ; P. infestans, 277, 304 (see 
Potato blight) ; P. Mcadii, 494 ; P. 
“omuivora,” consumption of starch by, 
52 ; P. palmivpra, solution of cellulose by, 
94, 95 ; P. parasitica, 326 ; influence of 
light on, 71. 

Pigeon pea wilt, 244. 

Pine, Femes annosus on, 90 ; Steroum 
hinsutura on, 97 ; Trametes Pini on, 97 ; 
(see Pinus). 

Pine-apple, Botryodiplodia Theobrom® on , 
386; disease of sugarcane, 385; Thiela- 
viopsis paradoxa on, 385. 

Pinus, Ceratostomella on, 35; Trametes 
Pini on, 83. 

Piper nigrum (see Pepper). 

Pisum (see Poa). 

Plantain, Glomorella piperata on, 356. 

Plasmodiophora Brassic®, effect on plant, 
92, 103 ; lime treatment of, 135. 

Plasmolysis, 93. 

Plasmopara vitioola, suh-stomatal vesicle 
of, 66. 

Pleolpidium irrcgulare, infeotion by, 65; 
P. Pythii, sporangia and zoospores of, 21. 

Pleospora triohostoma, 188. 

Plum, Cortioium salmonioolor on, 499 ; 
Solerotinia einerea on, 119; shot hole 
of, 81. 

Pceoilocoris latua, connection with tea seed 
mould, 465. 

Polydesmus exifciosua, 300. , , j, 
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Polygonum, Ustilago on, 89, 104. Prunntgs, danger from, 107. 

Polymorphism, 27. i Prunm, Ceorna on, 00; Exoaaoua on, 80. 

Polyporus hispidus, baaidia and sporidia of, | Pseudocomis, 03. 

21 ; treatment of, 108 ; P. ignarius, j Psoudoparenohyma, 10. 
attacks starch, 93; P. Mylitt®, 13; P. J Pseudoperonospora cubensis, 311. 
Schweinitrii, consumes cellulose, 95 ; P. Ptens, Taphrina on, 80. 

Shore®, aotion on sap-wood, 99 ; P Puocmia Butjeri, effect on host of, 00 ; (see 

squamous, action on wood, 97 ; enrymes Launca) ; P. Ohrysanthemi, growth on 
of, 52 ; P. subaoidus, aotion on wood^ 97, resistant hosts, 121; P. coronata may 

08; P. sulphurous, action on wood, 97; reduce calcium oxalate, 93; P. conm- 

diastatic action. 51. » fera, 182; P. disperse, appressona < f, f»9 ; 

Polystirtus pergamenus, action on wood, P. glumarum, 151, 186; specialisation of 
07 ; P. saeer, 13, 18 ; P. versicolor, action | parasitism in, 180; P. graminiB, 151, 

on wood, 07. | 182, 185; barberry not essential to, 10, 

Poppy bacterial disease, 346. I 159; growth on ^resistant hosts, 03, 

downy mildew, 344. , 73 ; helcroocism of, 59, 154 ; P Kuehnn, 

root rot, 340. j 380 ; P. 182 ; P. Malvacearum, 161 ; 

Toxia hypolatentia, 435 ; P. vaporana, con- 1 (see Hollyhock rust); P. Maydis, 193; 

sumes cellulose, ©tf. ' 1\ Pcnniseti, 223 ; P. purpurea, 194, 200 . 

Portulaca oleraoea (see Kulfa). I P simplex, 185; P triticina, 151 ; cub- 

Potash, influence on disease, 123, 284. 373. J stomata] vesicle of, 69; P Violas, effect 

Potassium sulphide treatment for smut, 181. ' on flowers, 80. 

Potato, Bacillus coli on, 43. I Pycniduim, 19. 

baoterial wilt of, 274. i Pycnosporcs, 24. 

blight, 277 ; climatic conditions m- ! Pyrennphora tnchostima, iPHr 180. 

fluencing, 71, 117, 283; factors Pythium dc Baryanum, damping eff caused 
that cause epidemics of, 129; j by, 70; does not destroy staid), .*2; 

influence of nitrogen on, 122, i paxasitihin of, 44; penetratn n ef cell 

284; rapidity of spread of, 106; , walls by, 95; sponfermiB mycelium if, 
resistance to, 126, 127. 17; P graoile, 348; P. ultimum, effect 

Botryodiplodia Thcobronue on, 386. ^ of nutrition on, 53. 
early blight, 287. 

loaf blotch, 286 Radish, diseases of, 201. 

Phytophthora Colocasi® on, 300. Ragi leaf blight, 241. 

Phytophthora orythriiseptica on, Rai (see Brasaioas). 

286. Hala (see Knngni). 

Phytophthora parasitica on, 330. Ramularia areola, 368. 

ring disease, 74. Rangoon bean (see Bean). 

root rot, 290. Ranunculus, dormant mycelium in, 58. 

rotting, action of Pusanum in, 93, Raphanus sativus (see Radish). 

05. Raspberries, Coniothyrium on, 110 

scab, 81. Reactionary cork, 90, 100. 

tuber mti 290. Rennetase m fungi, 52. 

warty disease, infection in, 65. Resin, as an adhesive in Bordeaux mixture, 
Potatoes, deterioration in, 127; disease 142; flux in oonifers, 84, 102; in fungus 
resistance in, 114, 115, 110, 122, 125, cells, 0. 

286 ; storing of, 109, 284. Resistance to disease, 114; influence of 

Predisposition, 114. climate on, 117; selection and breeding 

Prolifioaiion, 89. for, 125. 

Promyoelia, saprqphytiam of, 60. Retting of flax and jute, 96. 

Promyoelium, 24. Reversion caused by fungus attack, 01. 

Protease in fungi, 02. Rbamnus, Puocinia on, 03. 

Protomyoes, specialisation .of parasitism in, Rhiaoctonia, olamp-conneotions in, 9 ; 
01 • p. maorosporus, 309 ; tissue altera* dam pin g o ft caused by, 70 ; hosts of, 263 ; 
pons o&used by, 104. " sderotia of, 12, 13 ; spe ci al isat ion 'of 
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parasitism in, 01, 266 ; stromata of, 16 ; 
R. destruens, 290, 323 ; may enter 
through lentioela, 67 ; R. Solani, 262 ; 
R. species on brinjal, 305 ; on cotton, 370 ; 
on oowpea, 12, 2Q2 ; on groundnut, 323 ; 
on jute, 12, 372 ; on opium poppy, 346 ; 
on potato, 290 ; on tomato, 305 ; on val, 
267. 

Rhizom jrphs, 10, 11. 

Rhizopm nigricans, consumes pectic bodies, 
96. 

Rice brusone, 128. 
bunt, 226. 
false smut, 228. 
solerotial disease, 230. 

Ricinus communis (see Castor). 

Ringing wound, 82. 

Ripo rot of fruit, 83, 109, 122. 

Roestelia may prevent cork-formation, 104. 

Rosa, mildew on galls of, 124. 

Rose, C irticium salmo.vcolor on, 499 ; loaf 
disease of, 88, 95 (sse Ihplocarpon Rob®). 

Rosellinia, most severe in aoid soils, 112; 
R. arcuata, 4S7 ; R. bunodes, 337, 436 ; 
R. eohmata, 436 ; R. nooatnx, 358 ; R. on 
cofieo in Ceylon, 481 ; R. Pepo, 359, 436. 

Roselljnias of tea, 435. 

Rotation, advantage of, 107. 

Rots caused by fungi, 83, 95, 109, 122. 

Rottboellia, solerotial disease of, 411. 

Rotting of fruit and potatoes, 109. 

Rifbber anthracnose, 512. 

black thread, 494 ; influence of 
shade on, 117. 
brown root disease, 508. 
die baok, 509 ; infection by, 67. 
Fomes lignosus on, 506. 

Fomes somitostus on, 506. 

leaf fall, 494. 

leaf spot, 515, 516. 

Postalozzia on Hevea, 455. 
pink disease, 499 ; thyloses in, 102,, 
pod rot and canker, 490. 
red root disease, 432. 

Rosellinia on Castilloa, 436. 
stump rot, 506. 

Ustulina sonata on, 440. 

• Rust, influence of humidity on, 110. 

Rusts, dormant life of, 45, 58, 160 ; factors 
influencing resistance to, 121 ; ' hete- 
rceoism of, 59 ; infection by, 64, 66, 69 ; 
specialisation of parasitism in, 60. 

Saocharomyeetss, gemmate mycelium of, 
14 . 


Saooharum offioinarum (see Sugarcane). 

Saooharum spp., ring spot on, 381 ; nut on, 

380 ; solerotial disease on, 411 ; smut on, 

380. 

Sanitation, principles of, 196. 

Sann hemp rust, 373. 

Sap-wood, action of fungi on, 97, 98 

Sapodella, Corticium salmomcolur on, 499 ; 

thread blight on, 457. 

Saprolegnia mixta, effect of nutrition on, 

•52. 

Saprophytes, 41. 

j Sorson (set Brassicas). 

I Sawan smut, 238. 

I Soab, 81, 100. 

Schizopbyllum commune, sporophores oi, 
18. 

Schleiohera, Rosellinia bunodes on, 359. 

Soilla smut, dormant mycelium of, 58. 

Sclerospora graminioola, 218, 232 ; myce- 
lium in tissues, 94 ; haustoria of, 50 ; 
leaf-like stamen formed through action 
of, 89 ; phyjlody caused by, 89, 104 , 
proliferation oaused by, 89; specialisa- 
tion of parasitism in, 61, 223 ; S. gramiiu- 
oola var. Andropogoms-Sorghl, 203 ; 
S. macrospora, 223; S. Maydis, 101. 

Sclerotiu, 12,' 58. 

Sclorotima, appressoria of, 70 ; may infect 
through flower, 68 ; dissemination by 
insects, 35; S. cmerea, resistance of 
plums to, 119; S. heteroica, heterceoism 
of, 59 ; 8. Libertiana, influence of phos- 
phate on, 112, 123 ; S. Trifoliorum, infec- 
tion by, 70. 

Sclurotium on sugaroane, 408; 8. Oryzae, 
13, 230, 410; ohlamydosporos of, 14; 
S. rlnzodes, action of, 52 ; S. stipitatum, 
12, 13. 

Scoleoospores, 391. 

Seed, diseases carried by, 109; growth of 
resistant potatoes and sugaroane from, 
126, 127. 

Seed disinfection, 135. 

Selection, and disease, 126; pf seed and 
cuttings, 109. 

Septa, 6. 

Septoglosum Araohidis, 319 ; S. Manihotia 
310 ; S. Mori, stroma of, 15. 

Septoria graminoum, 175 ; S. maculosa, 
482; S. pirioda attacks chloroticy' plants 
most readily, 124; S. Tritioi, 175. 

Sesamura, Bacillus solanaoearum on, 338 ; 
Phytophthora on, 330 ; Rhiaootonia on, 
263. 
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Soto, 218. 

Setaria italioa (see Kangni). 

Setaria viridis, smut of, SOS. 

Sexual reproduction, 20, 25. 

Shade,, influonoe on asparagus rust, 111; 
on black thread of rubber, 498 ; on blister 
blight of tea, 429 ; on oelery loaf spot, 111, 
310 ; on chilli die baok, 111, 354; on 
Colooasia blight, 308; on oopper blight 
of tea, 444; on ououmber mildew, 111 ; 
on infection, 72 ; on pink disease of rubber, 
503 ; on strawberry leaf disease, 111 ; on 
thread blight of toa, 400; on tubacoo 
mildew. 111, 339 ; on wheat mildew, 111, 
175 ; physiological offoot of, 117, 120. 

Shade trees, and Botryodiplodia Theo- 
bronuB, 445; and brown root disease, 
430, 479 ; and red rust, 421 ; and sooty 
mould, 489 ; and stump rot, 358, 442, 
480. 

Shoroa robusta, action of Polyporus 
Shores on, 98 ; “ horso hair ” fungus on, 
11 . 

Shot hole, 81, 100 

Sicyos angulatus, mildew of, 124. 

Sida oordifolia, Phytophthora on, 330. 

Sisal anthracnoso, 374. 

Smoke, injurious effoct of, 110. 

Soil, disinfection, 135 ; influence on Botryo- 
diplodia ThOobronue, 447 ; on cotton of 
alkali, 370, 372 ; on disease, 117, 124, 
119, 474; on early blight of potatoes, 
289; on grey blight of toa, 454; on 
Hymonochsete noxia, 431 ; on red root 
disease, 434 ; on red rust, 421, 422 ; on 
Rosollinia, 442 ; on soft rot of ginger, 
351 ; on sugaroane red rot, 401. 

Solanum Commersoni, Altemaria Solani 
on, 290. 

Solanum Molongena (see Brinjal). 

Solanum nigrum, Altemaria Solani on, 290. 

Solanum tuberosum (see Potato). 

Sooty moulds, polymorphism in, 30. 

Sorghum (see Jowar). 

Sori, 18. 

Sorosporium Paspali, 240. 

Soy bean downy mildew, 200. 

Specialisation of parasitism, 00, 114. 

Spermagonium of rusts, 29. 

Spermatia of rusts* 29. 

Sphaoelotheoa ordenta, 212 ; S. Sorghi, 208. 

Sphserella Camellia*, 443; (see Mycos- 
phaerella). 

Sphmronema adiposum, 882. 

Sphssrostilbe re pens, 438, 500. 


Spharotheoa Humuli var. fuliginea, 314 ; 
S. pannosa on peaoh and almond, 45 ; 
S. phy top tophi la, looalised infection 
by, 08. 

Spinach downy mildew, 318. 

Spondylocladium, potato soab caused by, 
81. 

Spongospora, potato soab eaused by, 81. 

Sporangium, 21. 

Spore, types of, 24. 

Spores, dissemination, 32 ; formation, 20 ; 
gormination, 0, 70 ; numbers, 32 ; pro- 
perties, 32 ; “ puffing ”, 33. 

Sporidia, 24, 29. 

Sporodesmium Hrossoai, 301. 

Sporodoohia, 354. 

Sporophores, 10. 

Sprayers, 133. 

Spruoe, Polyporus subacidus on, 98 ; Tra- 
motes Pini on, 96. 

Stag headed oondition of trees, 79. 

Starch, aotion of Fusarium on potato, 93 ; 
changed to sugar by fungi, 51 ; consumed 
by Botryodiplodia Theobrom®, ' 510 ; 
oonsumed by some fungi, notftyy others, 
52, 93 ; increased by some fungi, 93. 

Stereura frustulosum, aotion on wood, 98 ; 
S. hirsutum, attacks sap-wood, 97 ; S. 
subpiloatum, attacks heart-wood. 97. 

Sterigmata, 24. 

Storigmatooystis, offect of nutrition on, 53. 

Stigmatea Robortiana, sub-cuticular growth 
of, 99. 

Stilbum nanum, 480. 

Stizolobium (see Velvet boan). 

Strawberry diseases, influence of shade on r 

111 . 

Stromata, 15. 

Stump rot, 357, 435, 479, 500. 

Stylospores, 24. 

Sub-cutioular parasites, 99. 

Sub-stomatal vesicle, 66, 09. 

Suberin, 99."' 

Sugar, inverted by some fungi, 51 ; in 
fungus cells, 8. 

Sugarcane, deterioration of, 127 ; insects 
may lower resistance of, 110, 401. 

Sugaroane banded solerotial disease, 408. 
black rot, 382. 
brown leaf spot, 404. 

Ceroqipora vaginas on, 70. 
ooftlar rot, 388. 
dry rot, 385. 
helminthosporiose, 406. 
pine -apple disease, 385. 
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red rot, 116, 117, 122, 120, 128, 
381. 

ripg spot, 381. 
rust, 380. 
smut, 377. 
sooty mould, 411. 
wilt, 402. 

Sulphur os a fungicide, 131, 144, 140. 

Sulphur dusting, beneficial effects of, 138. 

Sycamore, Polyporus squamoaus on, 07. 

Symbiosis, S3. 

Symmetry altered by fungus attaok, 00. 

Synohytrium, hypertrophy caused by, 85, 
104 ; S. decipiens, effect on nucleus, 03, 
04; S. merourialis, hypertrophy caused 
by, 104 ; S. Pueraria, effect on cell con* 
tents, 03; S. pyriforme, effect on ooll 
contents, 03 ; S. trichophilum, localised 
infection by, 08 ; S virido, effect on 
chlorophyll, 03. 

Tannin consumed by somo fungi, 52 ; toxic 
to some fungi, 94, 122. 

Taphrma Laurenoia, 89 ; T maculans, 
346 ; mycelium and haustona of, 48 ; 
T. rhomboidalis, myooiium and asci of, 
48, 49. 

Tapioca, Botryodiplodia Thoobromee on, 
386 ; (see Cassava). 

Tar, protection of wounds by, 108, 408, 
504, 505, 512. 

Tea, disease resistance of varieties of, 422, 
429; influence of vigour of bush on 
diseases of, 73, 115. 

Tea black blight, 403. 
bliBter blight, 422. 
brown blight, 448. 
brown root disease, 420. 
canker, 83, 483. 

Capnodium Footu op, 462. 
copper blight, 443. 

Oortidum These on, 460. 

Crepidotus on, 400. 
die back, 450 ; influence of nitrate on, 
123. “ 

grey blight, 73, 413, 461. 

“H" blight, 450. 

Hendereonia fchdoola on, 451. 
internal root disease, 445. 
leaf spot, 495. 

Neotria dnnabarina on, 463. 
Penioillium in seed of, 465. 
pink disease, 420. 

Poria latefitla on, 430. 
red root disease, 432. 


red rust, 413. 
rim blight, 405. v 
seed mould, 400. 
seedling disease, 404. 
sooty mould, 461. 

Btump rot, 435. 
thread blight, 47, 466. 

Teak, Oortioium salmonioolor on, 409. 

Teleutosporos, 24, 20. 

Temperature, influonoe on germination of 
Hemileia spores, 472 ; on potato blight, 
282, 2S3 ; on spores of Cystopus oandidus, 
71, 290 ; on spore germination, 71, 110. 

Thiokness of cel walls influences penetra- 
tion, 68, 72. 

Thiolaviopsis, on palms, 385 ; T paradoxa, 
385. 

Thujopsis, Cteoma on, 89. 

Thyloses, 102. 

Thyridaria tarda, 385, 445, 509 ; parasitism 
of, 44. 

Til leaf disease, 330 ; (see Scsamum). 

Tillotia horrida, 226; T. levis, 100; T. 
Oryzn, 228 ; T. Tritici, 100. 

Tobaooo, Bacillus solanaoearum, oausos 
gum formation in, 101, 102 ; causes leaf 
galls on, 89.' 

Tobacco baoteri&l wilt, 332 
loaf spot, 340. 
mildew, 338. 
mosaic disease, 341. 

Pythium graclie on, 352. 
Rhizootonia on, 203. 

Tolyposporium flliforum, 215 ; T Ponicil 
laritc, 224. 

Tomato, influence of fertilisers on discasco 
of, 124 ; intumescences formed by Bacillu*. 
solanaoearum on, 89. 

Tomato bacterial wilt, 303. 
blight, 304. 
fruit rots, 304. 
mosaic disease, 342. 

Phytophthora Fabori on, 490 
Phytophthora parasitioa on, 330 
root rot, '305. 
wilt, 304. 

Tori a (see Brassioas). 

Torula stage of sooty moulds, 30. 

Toxic action of fungi, 51. 

Toxin production by Bacillus solanaoearum, 
335. 

Tradesoantia, Botrytis oinerea on, 102. 

Tramates Pint, alterations in wood caused 
by, 83r96, 07, 98 ; tannin as food for, 02. 

Tremellinaoeak,, gelatinlsation of wall in, 10. 

36 
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Trewhella Jack for uprooting trees, 481. 

Triohogyno, 26. 

Triohosanthes (see Cucurbit). 

Triohosporium vesioulosum, 86. 

Trichothooium oandidum, 43. 

Trifolium, Erysipho Polygoni on, 61. 

Trigonella Fcenum-gweoum (see Fonugrook). 

Tripoaporium stage of sooty moulds, 30. 

Tritioum (see Wheat). 

Tumours, 84 ; on coriander, 339. 

Turmeric leaf spot, 346 

Turnip (see Brassioas). 

Turnips, “ finger and too ” in, 103, 107. 

Tyrosinase in fungi, 52. 

Uredo eohinatus, apprassona of, 60 ; U 
Oossypii, 363 ; U. opcrtn, 242 ; U 
Paspali-scrobioulati, 240 ; IT. Hpooien on 
Panioum miliaceum, 238. 

Uredospores, 24, 20 ; infect and develop 
best on healthy plants. 116 

Grid (see Bean). 

Urooystis oooulta. 173; U Tritici. 171. 

Uromyoes Anthyllis, 362 ; U. appendicu- 
latus, 200, 262, 267; U Bette. 123; 
U. Oicena-arietini. 271 ; U dccoiatus. 
373 ; U. Fabee, % 29, 254 r 268 ; polymor- 
phism in. 29 ; specialisation of parasitism 
in, 255 ; U Hobsoni, hypertrophy caused 
by, 103 ; U. Kuchnii, 380 ; U. lincaru*. 
238 ; U. Mucunee, 268 ; CJ. Pisi, 256 ; 
effect on host of, 91 ; U. Hetariee-italicer, 
233 ; U. species on Khosari, 268 ; U. 
Trigone Use, 362. 

Ustilagi noidea virens, 228. 

(Jstilago Avenee. 179 ; U. (Totals, 242 ; U. 
Crameri, 234 ; U. emodensis, gall formed 
by, 89, 104; U. Hordei, 184; U. nuda. 
184, 185; U Panici-frumentacoi, 238, 
239 ; CJ. Panici-miliacei, 235 ; U para- 
doxa, 238, 239 ; U. pulveraoea. 199 ; 
U. Reihana, 199, 214 ; U. Saochari, 377 : 
U. Tritioi, 163 ; U. violaoea, 61, 88 ; U 
virens. 228; U. Zee, 194; gummy 
degeneration caused by. 101 ; infeotion 
by sporidia of, 66 ; inverts oanc sugar, 
51 ; prevents outinisation of outer wall, 
102; prevents lignifioation of vessels, 
102; prolification caused by, 89; spores 
of, 21. 

CJstulina vulgaris, 440 ; U. zonata, 436, 438, 
506. 

Vaooinium, Sclerotinia on, 60. 

Vacuoles, 7. 


Val anthracnose, 267. 
die back, 267. 
root rot, 267. 
rust, 267. 

Valsa oxystoma, influence of soil on, 117. 

Vanillin, 96. 

Vegetable marrow, influence of shade on 
mildew of, 111 ; (see Cucurbit). 

Vegetative myoclium, 6. 

Velvet bean rust, 268. 

Venturis, appressoria of, 70 ; effect of outiolc, 
on infection by, 72 ; germination of spores 
of, 70 ; growth on resistant hosts, 121 • 
scab caused by, 81 ; sub-cuticular growth 
of, 99 ; V. oi romans, consumes cellulose 
95, 99 ; poetic degonciation caused by, 
102 ; V. inaequalis, apple scab caused by, 
82 ; division of cells caused by, 101 ; 
effect on chlorophyll, 93 ; formation oi 
reactionary cork by, 99 ; hypertrophy 
caused by, 101, 104; infection, 72, 99, 
121 ; may incroasu calcium oxalate, 93 ; 
may leave starch unaltered, 93 ; penetra- 
tion of pear by, 121 ; (see Apple scab ) ; 
V. pinna, infiuenee of shad** on, 72 ; 
penetration of apple by, 121 ; penetra- 
tion of reactionary cork by, 99 ; (see Peai 
soab). 

Vermiculana Capsici, 262, 267, 304, 305, 
362 ; V. sp from Carica, nuclei of, 9. 

Vioia, dormant mycelium in, 58 ; V. Faba 
rust, 254. 

Vigna Catjang (see Cowpea). 

Vine black rot, influence of age of host, 72 ; 
of humidity, 117 ; of reaction, 112, 
121 ; of weather, 444 ; (see Guig- 
nardia Btdwellii). 

Botrytis, 72. 

grey rot, influence of nitrate, 122. 

mildew, influence of shade, 111 ; 
perithccia, 58 ; rate of spore -fall. 
70; resistance to, 114, 122. 

Phylloxera, 127. 

white rot, resistance of waxy varieties ; 
72. 

Viola, Puoomia on, 89. 

Virulence, 112; Iohb of, in AJteraana 
Solan i, 289; variation in, 43, 112. 

Watermelon, wilt-resistance in, 118, 126. 

Waxy ooati^g, influence on penetration, 72, 

110 . 

Weak parasites, 42. 

Wheat bunt, 166 ; longevity of spores .of, 
32 ; perpetuation of, 57. 
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flag smut, 171. 
leaf spot, 175. 

loose smut, 118, 110 , 183 ; perpetua- 
tion of, 57. 

Melaooepora gamnosa on, 124. 
mildew, 82, 124, 173 ; influence of 
fertilisers, 123 ; of shade, 218, 111, 
175 ; porpetuation of, 56. 
mould, 177. 

Rhizoctonia destruens on, 201. 
/ust, 59, 114, 118, 126, 151; dor- 
mant myoolium of, 45; factors 
that cause epidemics of, 129, 162 ; 
influence of fertilisers, 1 22, 123 ; 
of humidtiy, 110, 102 ; of reaction, 
121 ; of shade, 124 ; perpetuation 
of, 159; specialisation of parasi- 
tism in, 61, 63, 154, 186. 

White-lead paint for wounds, 108. 

Wilt disease, 44, 75, 79, 244, 251 : influence 
of air on, 112. 


Wind breaks, 109. 

Wi tokos’ brooms, 86, 87, 01, 92, 103 ; peren- 
nial mycelium of, 58. 

Withering, 78. 

Wood gum, action of fungi on, 05, 97. 
Wound gum formed by action of fungi, 102 
Wound parasites, 44, 87. 

Wounds, oausod by fungi, 82 ; influence on 
susoeptibility, 83, 125; treatment of, 
108, 493, 504, 512. 

Xylan consumed by some fungi, 05. 
Xylaria nigripes, solerotium of, 13. 

Yeasts, 14. 

Zea Mays (see Maize). 

Zingiber offioinalo (see Ginger). 

Zingiber spp., TaPhrina on, 347. 

Zygospore, 25. 



